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General introduction
 
Congenital anomalies of the ossicular chain (minor ear anomalies) causing 
conductive hearing impairment are rare, even at a tertiary referral center. The 
topic is rarely investigated in the otologic literature. In general, the most common 
congenital or acquired hearing impairments are sensorineural. Almost no reliable 
data are available on the incidence of congenital ossicular chain anomalies 
among children with conductive hearing impairment; two reports in the literature 
estimate it to be between 0.5 and 1.2%1, 2. The goal of medical treatment is to 
improve or restore hearing, or at least to prevent additional deterioration. In 
patients with congenital conductive hearing impairment, several options to 
improve hearing are available, including conventional air conduction hearing 
amplification, osseointegrated auditory implants (bone conduction devices) and 
surgical intervention with an exploratory tympanotomy. A conventional air 
conduction hearing aid is often the first line of treatment. In cases of more severe 
conductive impairments, treatment with bone conduction hearing devices 
provides better hearing outcomes. Currently, early rehabilitation with a bone 
conduction device such as the Baha (Cochlear, Gothenburg, Sweden) or the 
Ponto (Oticon, Askim, Sweden), applied transcutaneously with a soft band, can 
be very useful for hearing restoration3. Patient counseling in a multidisciplinary 
pediatric audiology clinic is needed to optimize outcomes in this group of hear-
ing-impaired patients, who are usually very young. Surgery in children younger 
than 10 years of age is reported to be less common and is therefore mostly used 
as a second option for later treatment4. An earlier report described a consecutive 
series of patients undergoing surgery in Nijmegen between 1965 and 1985 for 
congenital minor ear anomalies5. At that time, a surgical/clinical classification 
was devised. Other clinicians have elaborated upon the Cremers classification6-9. 
The present thesis is the continuation of the former Nijmegen series and describes 
surgical results of exploratory tympanotomies in patients with congenital ossicular 
chain anomalies between 1986 and 2001. 
In this introductory chapter we will describe different classifications reported in 
the literature. The Cremers classification from Nijmegen, which is generally 
accepted, will be employed in this thesis. A brief description of the early stages of 
the embryological development of the middle ear and the ossicles will be given. 
There are more than 70 different genetic syndromes known to be associated with 
congenital conductive hearing impairment10. We will also elaborate on the value 
of diagnosing a particular syndrome as one of the relevant issues to be considered 
when planning the best treatment option. 
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A minor congenital ear anomaly is limited to the middle ear space; thus, the 
function of the ossicular chain is involved. In a major congenital ear anomaly, the 
main feature is a (partial) occlusion of the bony external ear canal. The tympanic 
membrane separates the middle ear space and the external ear canal. To 
diagnose a congenital minor ear anomaly, evidence for an acquired etiology must 
first be excluded by medical history and clinical examination. Diagnosing a 
syndrome may increase the clinical suspicion for a congenital etiology. An 
exploratory tympanotomy can provide additional information about anomalies. 
The shape or the presence of the ossicles can also reinforce the diagnosis of 
a congenital condition. Currently, cone beam CT imaging techniques11, 12 can 
visualize each of the ossicles and are likely to make a significant contribution to the 
accurate preoperative assessment of these anomalies. Nevertheless, one of the 
most difficult situations in which to establish convincing evidence of a congenital 
origin is that of an isolated stapes fixation without anomalies in the shape of the 
footplate and/or superstructure of the stapes and without other evidence for a 
congenital anomaly of the malleus, incus or the external ear. In such cases, the 
medical history, early diagnosis and lack of evidence for an acquired etiology 
remain crucial for diagnosis. In rare cases, the mobility of the malleus is only limited 
by a bony congenital remnant, especially in the antero-superior part of the tympanic 
membrane, with an open external ear canal and normally shaped ossicles. It is 
debatable whether such an anomaly is part of bony ear canal atresia, providing 
evidence for a major congenital ear anomaly, or is part of the middle ear and 
therefore should be classified as a minor congenital ear anomaly. This topic will be 
discussed in the overview of the classifications for congenital minor ear anomalies 
that will be presented later on in this introductory chapter. 
Embryology
To better understand the origin of congenital ossicular chain anomalies, it is 
valuable to question the embryologic mechanisms underlying a specific ossicular 
deformity. A good knowledge of the embryology of the ear can improve a 
clinician’s understanding of and ability to recognize particular anomalies that are 
encountered in this type of ear surgery. Examples of these include monopodal 
stapes, a persistent stapedial artery, crura that are medially not fixed to a mobile 
stapes footplate, incudo-stapedial disconnections and other morphologic anomalies. 
Additionally, cochlear hypoplasia is frequently present as part of the branchio-
oto- renal syndrome13. 
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The first and second branchial arches are of primordial importance in the genesis 
of the ossicles during early embryological development. The arches are lined 
internally by endoderm and externally by ectoderm, with a small region of 
mesoderm between them8, 14, 15. The ossicles develop from mesodermal structures 
known as Meckel’s cartilage (first branchial arch gives rise to the head and neck 
of the malleus and body and short process of the incus) and Reichert’s cartilage 
(second branchial arch gives rise to the manubrium of the malleus, the long 
process of the incus and the stapes) (Figure 1). The ossicles are formed around 
the eighth week of gestation10, 15, 16. During the fourth week, a lateral invagination 
of epithelium from the first branchial pouch gives rise to the future eardrum. At the 
same time, the ossicles are formed but are outside the tympanic cavity. Between 
the fourth and the eighth months, the ossicles are enveloped by the whole 
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Figure 1  Development of the auricle
 
A:  Primordial elevations on the first (mandibular) and second (hyoid) arches in the 11mm embryo. 
B to D: Progress of embryonic fusion of the hillocks and adult configuration of the auricle  
(with corresponding numerals on the derived parts). B: 13.5mm embryo, C: 15mm embryo and  
D:  adult form of the auricle. 
(Courtesy from: Nager GT, Levin LS: Congenital aural atresia. In Paparella M (eds), Philidelphia  
WB Saunders, 1980)
tympanic space (Figure 2). Tissue between the first and second branchial arches 
forms the tympanic membrane, whereas tissue around the first branchial cleft 
forms the external ear canal10, 14, 15. 
The malleus, incus and mandible arise from Meckel’s cartilage of the first 
branchial arch, explaining combined deformities in genetic disorders such as the 
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Figure 2   Schematic drawing of the development of the external auditory 
canal
 
A:  About fourth embryonic month. A funnel-shaped tube (first ectodermal branchial groove) 
represents the future cartilaginous external auditory canal. A cord of epithelial cells has grown 
from the deep extremity of this funnel medially and downward to meet the outer epithelium of 
the pharyngeal pouch. This cord later contributes to the formation of the tympanic membrane. 
B:  About seventh embryonic month. The solid chord of the epithelial cells splits, beginning in the 
deepest portion. 
C:  About eighth embryonic month. Progressive separation of the epithelial cells leads to an 
outward opening of the lumen into the primitive meatus. 
D:  Newborn. 
(Courtesy from: Nager GT, Levin LS: Congenital aural atresia. In Paparella M (eds), Philidelphia  
WB Saunders, 1980)
Treacher Collins sequence (a craniofacial disorder including, among other 
problems, micrognathia and conductive hearing impairment)15. 
Originally, the branchial arches serve as roots for developing vessels. For 
example, the second arch serves as a template for the stapedial artery, around 
which the stapes forms and provides the particular round aspect of the 
superstructure8, 16. It is known that the footplate of the stapes arises from the otic 
capsule, whereas the superstructure of the stapes arises from the second 
branchial arch (Reichert’s cartilage). The otic capsule is situated just above the 
first two branchial arches and is connected to the arches. In the fourth week of 
gestation, the superstructure of the stapes develops from mesenchymal cells in 
Reichert’s cartilage. The otic capsule forms a concave area (lamina stapedialis). 
The superstructure connects to this area to form the footplate, consisting of a 
tympanic part and a vestibular part (at eleven weeks gestation). Eventually, the 
formed stapes disconnects from Reichert’s cartilage, which gives rise to the 
hyoid bone. Furthermore, the facial nerve is situated just superior to the footplate 
of the stapes during development17,18. 
Isolated malformations of the handle of the malleus or epitympanic fixation of the 
head of the malleus may occur; however, usually a combined anomaly with an 
aberrant incus and/or stapes is found. A recent article has provided a detailed 
review of the different anomalies in the embryologic development of the stapes8,16. 
The development of a normal ossicular chain may be prone to malformation 
because it consists of a complex series of consecutive events, requiring the 
interplay of many closely related structures (Figure 3).  
Classifications
Surgical series of patients undergoing operations on the ear have shown a great 
variety of ossicular chain anomalies, in terms of both the severity and the nature. 
These differences require different surgical interventions to improve hearing. The 
purpose of developing a new (from a surgical viewpoint) classification of 
congenital minor ear anomalies was to provide a more uniform diagnostic method 
and a consistent description of the ossicular chain anomalies, thereby helping to 
evaluate the value of surgical treatment of these rare deformities. Designing the 
best and most practical classification of minor ear anomalies, i.e., isolated 
ossicular chain malformations, is difficult due to the considerable anatomical 
diversity encountered during exploratory tympanotomies. The first surgical reports 
in the literature date from the early 1950’s19-21. Since then, various classifications 
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Figure 3   Auditory ossicles of aberrant form encountered in malformation  
of the middle ear
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Figure 3   Continued
 
A: Stapes and stapedial muscle absent
B: Incomplete differentiation of oval window with anterior stapes fixation. 
C: Stapes having a partial anterior of posterior crus.
D: Incus lacking long crus; stapes lacking crural arch. 
E: Incus with long crus consisting of strand of connective tissue but normal lenticular process. 
F: Incus lacking entire long crus.
G: Stapes and stapedius muscle absent except for rudimentary anterior crus. 
H: Incus lacking short process; stapes and stapedius muscle absent. 
I: Incus absent except for lenticular process; stapes having a partial anterior crus. 
J: Osseous bridge connecting stapedial arch with pyramidal process.
K: Osseous bridge extending from anterior crus to fallopian canal. 
L: Osseous bridge connecting stapedial arch to promontory. 
M: Synostosis between lateral wall of attic and head of the malleus. 
N: Incus represented only by long crus; stapes solid. 
O:  Conglomerate of malleus and incus; malleus lacking hadle, incus lacking long crus and short 
process. 
P:  Conglomerate of malleus and incus fused to lateral wall of attic and atresia plate; malleus 
lacking handle, incus lacking long crus and short process; stapes absent. 
(Courtesy from: Nager GT, Levin LS: Congenital aural atresia. In Paparella M (eds), Philidelphia  
WB Saunders, 1980, pp 1316-1318)
have been developed from an embryological standpoint19, 20, 22-24 and, more 
recently, from a surgical point of view5-9. 
Henner et al. summarized eight different ossicular chain anomalies encountered 
during exploratory tympanotomies (Table 1A). Ombrédanne reported on more 
than 100 surgical interventions and categorizes the encountered anomalies in 
three different groups (Table 1B). Arslan and Giacomelli distinguished four 
different types of ossicular chain deformities without a comprehensive rationale 
(Table 1C). House et al. included five categories of minor ear anomalies based on 
their surgical findings (Table 1D). Furthermore, Funasaka et al. also encountered 
many different types of anomalies and distinguished three groups (Table 1E). 
Cremers et al. based their classification on the findings of 144 exploratory 
tympanotomies and categorized these into four main classes with associated 
subclassifications (Table 1F). This classification is the first with a rational division 
based only on the surgical techniques suitable for the deformity, rather than on 
the severity of the ossicular chain anomaly. The anomalies are mainly based on 
the mobility of the footplate of the stapes, which is the most affected ossicle in 
congenital ossicular chain anomalies. Charachon also added another 
classification to the literature by dividing the encountered ossicular chain 
anomalies into five distinct classes (Table 1G). Finally, Park et al. recently (2009) 
reported on a distinct classification system, summarizing the discovered 
anomalies into five different types with extensive subcategories (Table 1H) (e.g., 
type 4 has six different subtypes). 
Additionally, Tos8 and the HEAR committee7 further expanded and modified the 
established Cremers classification of 1993 by adding different subtypes (Table 1I), 
thereby creating such an elaborate subcategorization that the overview might be 
lost. A uniform and simple classification system can be readily used by the 
otologic surgeon when performing exploratory tympanotomy for a suspected 
congenital minor ear anomaly. In our opinion, the Cremers classification may be 
the most suitable system for this purpose, as it provides a concise summary of 
the common deformities in conveniently arranged categories (Table 1F). 
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Table 1A   Henner classification (1960)24
 
Class Anomaly
1 ossified stapedial tendon 
2 ossified ligament between incus and epitympanum
3 synostosis incus-malleus joint
4 discontinuity of the ossicular chain
5 agenesis of the long process of the incus
6 agenesis of the stapes crura
7 agenesis of the annular ligament of the stapes footplate (=stapes ankylosis)
8 agenesis of the stapes and footplate (=aplasia of the oval window)
The authors divide the anomalies in three different categories: I, minor ear anomalies; II and III, major 
ear anomalies
Table 1B   Ombredanne classification (1964)69
 
Class Anomaly
1 Congenital ossicular chain discontinuity 
2 Congenital ossicular chain ankylosis
3 Congenital aplasia of the oval window and stapes
Table 1C   Arslan and Giacomelli classification (1963)22
 
Class Anomaly
1 Long process of the incus absent
2 Aplasia of the oval window and footplate 
3 Aplasia of the oval window, footplate and stapes
4 Aplasia of the oval window, footplate, stapes and fixation of the incudomallear 
joint
One extra category in this group is described with a normal ossicular chain
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Table 1D   House classification (1969)8
 
Class Anomaly
1 Stapes ankylosis
2 ossicular chain discontinuity
3 fixed malleus 
4 fixed incus
5 ossified stapedial tendon
Table 1E   Funasaka classification (1979)23
 
Class Anomaly
1 incudostapedial disconnection
2 malleus and/or incus fixation
3 stapes fixation
Table 1F   Cremers classification, intra-operative findings (1993)5
 
Class Anomaly Subclassification
1 Isolated stapes footplate fixation 
2 Stapes fixation with another congenital 
ossicular chain anomaly
a) ossicular discontinuity
b) epitympanic fixation        
c) tympanic fixation
3 Anomaly of ossicular chain but mobile 
stapes footplate
a) ossicular discontinuity
b) epitympanic fixation        
c) tympanic fixation
4 Congenital aplasia/dysplasia of the oval 
window or round window
a) aplasia  
b) dysplasia
abnormal facial nerve 
persistent stapedial artery 
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Table 1G   Charachon classification (1994)6
 
Class Anomaly
1 atretic plate with bony bridge between malleus handle and the atretic plate
2 fixation of malleus head
3 isolated fixation of the footplate
4 lack of part of the ossicular chain with stapes ankylosis with or without 
superstructure anomaly 
5 lack of part of the ossicular chain without stapes ankylosis 
6 Severe deformities of the ossicular chain (i.e. aplasia of stapes, icusdysplasia)
Table 1H   Park classification (2009)9
 
Class Anomaly
1 normal stapes with incus or malleus anomaly
2 mobile footplate with other anomaly
3 stapes footplate fixation only
4 stapes footplate fixation with other anomaly
5 no stapes footplate with other anomaly
All different classes are subdivided into different subcategories (1a-1e; 2a-2d; 4a-4f; 5a-5e). 
Further detail can be found in the original article9
Outcome of ear surgery
The focus of exploratory tympanotomy in patients with a congenital ossicular 
chain anomaly is to alleviate the conductive hearing impairment by correcting the 
ossicular fixation or discontinuity, thereby improving hearing. A successful 
reconstruction depends, among other factors, on the type and severity of the 
ossicular chain anomaly (Table 1F). To prevent postoperative otitis media, a rare 
complication of ear surgery that can jeopardize surgical results, the surgeon is 
advised to postpone exploratory tympanotomy until the age of eight to ten years. 
Nevertheless, some otologic experts still prefer to postpone surgery until 
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Table 1I   Cremers classification, modified (2000)7
 
Class Anomaly Subclassification
1 Isolated congenital stapes 
footplate fixation
a) footplate fixation        
1) normal stapedial arch                       
2) monopodal stapedial arch
3) monocrural stapedial arch  
dysplastic arch
b) stapes superstructure fixation 
1) elongation of the pyramidal eminence
2) stapes-pyramidal process bony bar 
3) stapes facial canal bony bar
4) more than one bony bar
2 Stapes fixation with another 
congenital ossicular chain 
anomaly
a) ossicular discontinuity
b) epitympanic fixation        
c) tympanic fixation
1) of malleus handle (atretic plate)
2) of the long process of the incus
3 Anomaly of ossicular chain but 
mobile stapes footplate
a) ossicular discontinuity
b) epitympanic fixation        
c) tympanic fixation
1) of malleus handle (atretic plate)
2) of the long process of the incus
4
 
 
Congenital aplasia/dysplasia 
of the oval window or round 
window
a) aplasia  
b) dysplasia
abnormal facial nerve 
persistent stapedial artery 
adolescence or adulthood, mainly due to a fear of provoking inner ear deafness, 
which is a very rare, unintended outcome of this type of surgery. In bilaterally 
affected patients, surgery may be considered more urgent than in patients with 
an unilateral anomaly. If the first procedure is successful in a bilaterally affected 
patient, it is likely that a surgical procedure will be scheduled for the other affected 
side. The importance of surgical interventions to improve on hearing among 
children with severe unilateral conductive deafness has been highlighted by 
studies indicating that problems caused by unilateral hearing loss in children 
have been greatly underestimated25-28. 
The preoperative diagnostic work up
An essential part of the preoperative diagnostic work-up is a thorough clinical and 
otologic examination that includes family history. Routine standard tone and 
speech audiometry and stapedial reflexes are also needed. A thorough clinical 
search for features known to be part of congenital syndromes including hearing 
impairment is also important. Additionally, a computed tomographic scan of the 
petrous bones is advisable preoperatively to exclude inner ear anomalies such as 
X-linked stapes perilymphatic gusher anomalies29, severe inner ear anomalies 
such as those involved in the CHARGE syndrome30 or labyrinthar aplasia as 
observed in the branchio-oto-renal syndrome31. With new imaging techniques, 
very specific and detailed anomalies of the ossicles and the inner ear can be 
revealed preoperatively11. Many congenital minor ear anomalies are associated 
with a persistent 10-15dB inner ear component of hearing loss even after surgery. 
The cause for this inner ear component in the total hearing loss has not yet 
been elucidated. Nevertheless, this sensorineural component is relevant in the 
preoperative evaluation and work-up. 
History of ear surgery and its outcomes for congenital minor ear anomalies 
In the 1950’s, the first reports of surgery for congenital minor ear anomalies 
appeared in the literature19-21, 24, 32-36.  In that era, different surgical solutions were 
developed to restore hearing, along with the evolution of stapes surgery. One of 
the procedures was the fenestration of the lateral semicircular canal. Shambaugh 
(1952)21 was the first surgeon to describe the technique in these cases, especially 
in ears where the oval window could not be visualized and a congenital aberrant 
course of the facial nerve was present. In the late fifties, mobilization of the stapes 
footplate became a more accepted technique for regaining ossicular mobility and 
with different postoperative hearing outcome19, 20. In the sixties, the stapedectomy 
procedure (and later the refined stapedotomy technique) became common in 
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patients with otosclerosis; however, at that time, this was not yet the treatment of 
choice for congenital stapes fixation. Successful postoperative outcomes after 
stapedectomy for otosclerosis gave rise to stapes replacement surgery, also 
used in cases of congenital ankylosis of the stapes. Hence, stapedotomy has 
become the procedure of choice for congenital ankylosis of the stapes37-40. 
However, Farrior et al. wrote an interesting review of 33 fenestration procedures 
(with mean preoperative air and bone conduction levels of 52 dB and 14 dB, 
respectively) performed between 1955 and 1985 in congenital ossicular chain 
anomalies. They reported a success rate of 78% (i.e., an average hearing level of 
24dB at long-term follow-up without any severe sensorineural hearing loss). This 
is contrary to the widely held opinion that this procedure is too hazardous and 
that the failure rate is too high41. 
In 1950-2010, approximately 70 surgical series were reported
From the fifties until the present, approximately 70 series involving congenital 
middle ear anomalies and their surgical outcomes have been published 4-6, 8, 9, 15, 
16, 18-24, 29, 32-85. Table 2 lists the different series that have been published in the 
past 60 years.
Especially in the last 20 years, series with more patients were published, and 
more detailed postoperative audiometric results have been reported, making it 
easier to compare postoperative results. According to the Cremers classification5 
(Table 1F) the different congenital minor ear anomalies can be roughly divided 
into four different groups: isolated ankylosis of the stapes footplate (class 1); 
ankylosis of the stapes footplate with another concomitant congenital ossicular 
chain anomaly (class 2); a mobile stapes footplate with another concomitant 
congenital ossicular chain anomaly (class 3); and congenital aplasia or severe 
dysplasia of the oval and/or round window with a possible aberrant course of the 
facial nerve (class 4).
In this introductory chapter, we will only discuss and compare the larger previous 
series, i.e., those that include 50 or more operated cases per series. Furthermore, 
the results of surgery in class 4 anomalies have been very disappointing, and we 
will discuss whether classical microsurgery of the ear is still the best choice for 
treatment18, 48, 56, 59, 62. These disappointing results cause the surgeon to consider 
other options (e.g., osseointegrated bone devices, semi-implantable or conventional 
hearing aids) to improve hearing. 
We describe and compare only surgical results of class 1 to class 3 anomalies in 
the few reported series in the literature. Table 3 presents an overview of these 
reports. Thus far, it may be assumed that approximately 70% of patients diagnosed 
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with a class 1, 2 or 3 anomaly can benefit from surgery (Table 3). Additionally, it is 
essential to keep in mind that the small, frequently observed preoperative 
sensorineural component (0-15dB) of a hearing impairment that is mainly 
conductive in patients with a congenital minor ear anomaly is often persistent 
postoperatively, thus limiting the final hearing outcomes.
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Table 2  Series of congenital minor ear anomalies between 1950 and 2011
 
Table 3   Case series of 50 patients or more with minor congenital  
middle ear anomalies
 
Ears  
(type 1-3 anomalies)
AC gain  
(range)
ABG <20dB  
(range)
Teunissen (1990-1993) 91 (104) 19-23dB 63-70%
Thomeer (2010-2011) 92 (107) 16-21dB 65-74%
Ombredanne (1959-1966) 25 (64) NA NA
Hearing improvement in congenital ossicular anomalies
Bilateral congenital ossicular chain anomalies without congenital ear canal 
atresia usually cause severe conductive hearing impairment, necessitating 
hearing revalidation. Usually, there is a severe to maximum conductive hearing 
loss. Conventional hearing aids are the first option to revalidate this hearing 
impairment given an intact external bony ear canal. Currently, semi-implantable 
percutaneous bone conduction hearing devices anchored in the cranium with an 
osseointegrated titanium fixture (e.g., Baha or Ponto) have shown better 
audiometric results in cases of severe conductive hearing loss compared to 
regular behind-the-ear devices86. Thus, depending on the configuration of the 
hearing loss, especially the extent of conductive loss in the middle ear, a 
transcutaneous Softband bone conduction device, a conventional hearing 
amplifier, or later even a percutaneous bone conduction hearing device, may be 
advised starting at approximately four years of age. To overcome surgical 
restrictions in children younger than four years of age (where the skull bone is 
thinner and less mature), a conventional transcutaneous bone conduction device 
can be used. This device has been available since 200287. This is a device where 
the Baha (or Ponto) sound processor is attached to a soft elastic band and 
transmits sound transcutaneously. This significantly facilitates early linguistic 
development. Due to the skin that is situated between the sound processor and 
the cranium, the aided sound field thresholds of the Softband (transcutaneous 
device) are between 25-30 dB instead of approximately 15dB in percutaneous 
bone conduction devices3, 88. 
Reconstructive middle ear microsurgery is usually postponed until the age of 8-10 
years. However, in children with bilateral hearing impairment, it is very important 
to provide a hearing aid as soon as possible to achieve maximum speech and 
language development89. Recently, a study of audiometric and quality of life 
results in young children/adolescents with bilateral congenital aural atresia 
(congenital major ear anomalies) and severe conductive hearing loss showed 
that bilateral use of bone conduction devices provides high patient satisfaction 
and high patient compliance90. Similar studies confirm that restoration of bilateral 
hearing is of great importance in these children 27, 28, 89.
The degree of the deformity in most of these congenital unilateral or bilateral aural 
atresias is usually extensive, making a conventional surgical reconstruction 
impossible. The adaptation of percutaneous and transcutaneous bone conduction 
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devices (Baha or Ponto), has already proven to be rather promising. A major 
remaining drawback of the bone conduction devices is that amplification is not 
only limited to the affected ear, as the contralateral inner ear is also stimulated. 
This may be annoying, especially in noisy environments. New active semi- 
implantable hearing devices, i.e., Vibrant Soundbridge (Symphonix Devices, Inc., 
San Jose, CA, USA, and Med-El, Innsbruck, Austria) (Figure 4), seem to be 
reasonable alternatives, in which vibrations are directly transmitted to the inner 
ear of the affected ear. The first experiences with these new developments in the 
Netherlands and abroad are promising55, 91, 92. Most likely, in some of the class 4 
congenital minor ear anomalies in which reconstructive surgery is not possible, 
active middle ear implants will be a new solution. By inserting the floating mass 
transducer into the oval or round window, congenital conductive deafness may 
be alleviated. In cases of a dehiscent facial nerve obstructing the oval window, 
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Figure 4  The Vibrant Soundbridge
 
The Vibrant Soundbridge is a semi-implantable device composed of an external sound processor 
and amplifier, an audio processor, and an internal vibrating ossicular prosthesis (VORP, asterisk). 
Sound passes into a microphone on the postauricular audio processor and is transmitted through 
the skin to an implanted receiver on the VORP.
(Courtesy from: Medscape.com - http://emedicine.medscape.com/article/1995195-
overview#aw2aab6b3)
however, inserting the active device remains delicate and inappropriate because 
of an excessively high risk of damaging the facial nerve. The few reported series 
of reconstructive middle ear surgery in class 4 congenital ossicular chain 
anomalies show disappointing results5, 20, 41, 48, 56, 59, 66-72, favoring other hearing 
aid options such as osseointegrated bone conduction devices (Baha and Ponto) 
and the semi-implantable active middle ear implants (Vibrant Soundbridge). 
These may result in desired postoperative serviceable hearing levels. 
Syndromal influences on ear surgery
Up to 1,000 genes interact with each other in the development and functioning of 
the ear93. As described earlier, the embryology and genesis of the ossicular chain 
is rather complex and prone to malformations. More than 70 genetic syndromes 
have been described in which conductive or mixed hearing loss occurs10. The 
diagnosis of a genetic syndrome may be part of the pre-operative assessment. The 
diagnosis of one of these syndromes can help the surgeon to predict which 
ossicular chain anomaly might be present and to predict the chances of a good 
postoperative outcome4. For different syndromes with congenital ossicular chain 
anomalies, the surgical findings and surgical treatment applied have been 
described together with hearing outcomes, even in large series4, 40, 81, 82. These 
syndromes can be divided into the following: stapes gusher, branchiogenic, cranio-
synostosis, skeletal and miscellaneous syndromes (Table 4). In published surgical 
series about congenital middle ear anomalies, the most common associated 
syndromes were the branchio-oto-renal (BOR) syndrome, Teunissen-Cremers 
syndrome and Klippel Feil syndrome. We will highlight a few of these syndromes. 
Branchio-Oto-Renal Syndrome (BOR Syndrome)
Given the fact that the middle ear cavity and the ossicles are all branchial arch 
derivatives, it is conceivable that branchiogenic syndromes (such as BOR and 
Treacher Collins) give rise to middle ear anomalies and the typical preauricular 
pits/tags or outer ear anomalies. The most common etiologic gene mutation for 
BOR syndrome is in the EYA-1 gene, a transcriptional activator. More than 80 
different disease-causing mutations are known94. Other genes recently known to 
be associated with the BOR syndrome include the SIX1 and SIX5 genes, 
DNA-binding proteins that interact with the EYA1 gene95, 96. Surgical results in this 
syndrome vary and are to some extent influenced by the severity of the ossicular 
malformation, as reported in the Nijmegen series43, 45. In contrast to isolated 
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congenital ankylosis of the footplate of the stapes, which is usually concurrent, 
more extensive middle ear pathology is encountered in BOR syndrome, including 
anterior epitympanic fixation with a rather narrow epitympanic space or fixation 
elsewhere in the tympanic space. Additionally, dysplasia of the long process of 
the incus is not uncommon. Hence, the level of success after surgery depends 
largely on how extensively the surgeon explores the middle ear. A regular 
transmeatal exploratory tympanotomy does not provide the same exposure of the 
epitympanum compared to an endaural, bony widening approach. Furthermore, 
concomitant inner ear anomalies (e.g., enlarged vestibular aqueduct or 
hypoplastic cochlea) may also be more frequent in this syndrome and may have 
a large influence on postoperative hearing outcomes13, 31, 97. These malformations 
lead to a progressive, clinically significant sensorineural hearing impairment as 
part of a mixed hearing loss. Although conventional surgery is usually not very 
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Table 4   Syndromal diagnosis in series of congenital ossicular chain 
anomalies
 
Syndrome Subtype
Stapes Gusher Stapes Gusher
Branchiogenic Branchio Oto Renal Syndrome
Treacher Collins Syndrome
Preauricular sinus, external ear anomaly
Hemifacial microsomia
Craniosynostosis Crouzon 
Apert
Saethre Chotzen
Pfeiffer
Skeletal Klippel Feil
Wildervanck
Frontometaphyseal Dysplasia
Teunissen Cremers Syndrome
Maxillofacial Dysostosis
Miscellaneous Noonan
Toriello
Turner
Lacrimoauriculodentodigital
successful, exploratory tympanotomies to improve hearing may still be a 
worthwhile option. Nevertheless, optimal revalidation with conventional air 
conduction hearing aids or bone conduction devices is definitely the first option. 
Teunissen-Cremers Syndrome
A recent overview of proximal symphalangism syndromes with ossicular chain 
fixation leading to conductive hearing impairment is described, also the different 
NOG gene mutations leading to these syndromes are reported83. One phenotype 
associated with this large spectrum of clinical outcomes is the Teunissen- Cremers 
syndrome, which includes the following symptoms: proximal symphalangism, 
facial dysmorphism, hyperopia and conductive hearing impairment due to 
ankylosis of the stapes footplate and a possible concomitant fixation of the short 
process of the incus. Like surgery for the BOR syndrome, the incus fixation can 
be missed and affect postoperative hearing levels.  Generally, in experienced 
hands, good audiologic results after surgery can be noted in this syndrome49, 54, 
83, 98, 99. 
Klippel Feil Syndrome
Patients with this skeletal syndrome form a heterogenous group. The main clinical 
manifestations are fusion of several cervical vertebrae (compromising rotation), 
extravertebral anomalies and congenital sensorineural or conductive hearing 
loss. Exploratory tympanotomy reveals different degrees of ossicular deformities, 
and anomalies from class 1 to 4 have been encountered47, 84. In some cases, no 
ossicles were observed, resulting in very disappointing hearing outcomes. In 
other cases (with less severe deformities such as isolated ankylosis of the stapes), 
successful surgery could be performed. A stapes gusher has been reported once 
in these patients84, emphasizing the need for thorough pre-operative assessment 
that includes high-resolution CT scanning, as mentioned earlier. 
Stapes Gusher Syndrome
A rare complication of stapedotomy during exploratory tympanotomy is a gusher. 
This is an excess of perilymphatic and cerebrospinal fluid (CSF) that discharges 
from the stapedotomy opening, filling the middle ear and exuding through the 
external auditory meatus. It appears more frequently in the X-recessive hereditary 
syndrome with progressive sensorineural hearing loss (DFN3)29, 100. The causative 
mutation lies in the POU3F4 gene, which encodes a POU domain transcription 
factor (class 3, factor 4)101-103. The sensorineural component has been shown to 
be progressive, although a conductive component to the hearing impairment may 
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also be relevant. The smaller (<20dB) conductive component in pure tone 
audiometry (PTA) may be due to a pseudo-conductive hearing component 
resulting from the inner ear anomaly and the so-called “third window 
phenomenon”104. As a result of the X-recessive pattern of inheritance, most cases 
occur in male patients, who develop a progressive mixed hearing loss in 
childhood. The widened access for the CSF to the inner ear is considered to be 
the cause for the progressive sensorineural hearing loss. It is important to prevent 
a gusher before embarking upon stapes surgery. This can be accomplished by 
performing a preoperative CT scan to inform the surgeon about the constitution 
of the inner ear and confirm the suspicion of a stapes gusher. This lateral widening 
of the internal acoustic canal is visible on CT scans105, 106. 
Treacher Collins Syndrome
This syndrome, also known as mandibulofacial dysostosis, is characterized by an 
autosomal dominant inheritance pattern. The responsible mutation is in the 
TCOF1 gene, and phenotypic expression varies greatly from mild, moderate to 
severe anomalies107. Patients diagnosed with Treacher Collins syndrome have 
typical facial anomalies (coloboma, mandibular and zygomatic hypoplasia, 
downslanting eyes, cleft palate, middle ear and other branchial arch deformities) 
and normal intellectual development. Hearing loss is usually conductive and 
occurs in approximately 50% of cases. It is due to congenital ossicular 
malformations, possibly in combination with bony ear canal atresia as well as 
micro-/anotia107-109. Inner ear or vestibular anomalies are seldom encountered. 
Thus, sensorineural hearing impairment is rarely reported in these cases. It is 
important to postpone surgery until the age of eight or ten (to overcome frequent 
episodes of otitis and improve patient compliance and cooperation). At that time, 
reconstructive middle ear surgery may be a viable alternative to conventional 
hearing aids for improving hearing. Overall, anomalies in the ossicular chain vary. 
However, a malformed stapes head with curved crurae and a protruding facial 
nerve is often encountered, along with a dysplastic long process of the incus107-109. 
Moreover, the oval window can be partially covered by an abnormal course of the 
facial nerve. The characteristic curved crurae or monopodal stapes may be in 
close contact with the facial nerve, interfering with postoperative hearing 
outcomes. In general, hearing outcomes are moderate to poor due to the above-
described anomalous ossicular chain; in such cases, given the usually severe 
conductive hearing impairment, alternative hearing support, such as bone 
conduction devices (Baha or Ponto) or, later, active middle ear implants (e.g., 
Vibrant Soundbridge) should be considered. 
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The clinical and genetic aspects of a syndromal diagnosis may help to predict 
ossicular anomalies in individual patients and avoid a stapes gusher during 
surgery. It should be noted that new progress has been made in imaging with 
cone beam CT scanning11. If it has not already, this development will shortly 
provide enough detailed information about the specific anomalies in the separate 
ossicles of the middle ear to supersede conclusions based on a syndromal 
diagnosis. Because a preoperative CT scan provides more information about 
possible ossicular anomalies, it will be very valuable for patient counseling, and it 
is possible that this technique will allow more precise prediction of postoperative 
audiometric outcomes. 
Aim and outline of this thesis
The diagnosis of a congenital middle ear anomaly and concomitant hearing 
impairment will have a great impact on the child and the parents. Soon after 
hearing impairment with or without a syndromal diagnosis is established, it is of 
utmost importance to quickly provide hearing revalidation with conventional 
hearing aids, especially in bilaterally affected patients. It is valuable to be 
acquainted with the possible hearing outcomes after exploratory tympanotomy, 
according to the different classes encountered and to know the reasonable 
alternatives. The general objective of this thesis is to report a large series of 
congenital middle ear malformations (minor ear anomalies), describe the surgical 
results after tympanotomy and to describe surgical options in such anomalies. 
Another goal is to describe a few syndromes associated with congenital hearing 
impairment with a focus on the ossicular malformations and the postoperative 
hearing outcomes. The thesis is arranged into four separate chapters.
Chapter one is a general introduction, dealing with the embryology and genesis 
of an ossicular anomaly, changes in surgical techniques over time, the distinct 
classifications of ossicular abnormalities, alternatives for surgery and a description 
of  syndromes. 
The second chapter is divided into four different sections. It describes the four 
different classes of congenital middle ear anomalies and discusses the different 
surgical options, results and restrictions for each type. Section 2.1 describes isolated 
congenital ankylosis of the stapes. In 2.2 and 2.3, other ossicular anomalies, with and 
without concomitant ankylosis of the stapes (respectively) are illustrated. Finally, in 
2.4, surgical management for congenital aplasia or dysplasia of the oval/round 
window, with or without an abnormal facial nerve course, is discussed. 
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Chapter three describes three different syndromes associated with a middle ear 
malformation. Section 3.1 discusses the branchio-oculo-facial syndrome (BOF 
syndrome), including its clinical phenotype and surgical outcomes. In section 3.2, 
the Teunissen-Cremers syndrome and different genetic mutations associated 
with the syndrome are outlined and discussed. In section 3.3, a fascinating new 
syndrome, with its concomitant ossicular malformations and surgical challenges, 
is illustrated. 
Chapter four presents a general discussion, and, in chapter five, the summary of 
this PhD thesis is outlined in English, Dutch and in French. 
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Isolated congenital stapes ankylosis: 
surgical results in a series of consecutive 39 ears
Thomeer HGXM
Kunst HPM
Cremers CWRJ
Ann Otol Rhinol Laryngol. 2010 Nov;119(11):761-6
Abstract
Objective: To describe the audiometric results after stapes surgery in a consecutive 
series of patients with isolated stapes footplate ankylosis.
Study Design: A retrospective analysis of charts between 1986 and 2001.
Setting: A tertiary referral center.
Patients: A total of 28 patients (39 ears) underwent stapedotomy/stapedectomy, 
and 5 patients (5 ears) had a syndromal diagnosis.
Main Outcome Measurement: Audiometric results. 
Results: Overall, a mean gain in air conduction of 21 dB (from 46 dB to 25 dB) 
and a mean postoperative air bone gap of 14 dB (mean preoperative air bone gap 
36 dB) was observed. The air bone gap closure was ≤10 dB in 46% of cases, 
which is in agreement with results reported in the literature. Moreover, the 
audiometric results remained stable. In the group of ears with a syndrome, the 
mean gain of air conduction was only 12 dB (range: -13.8 dB to 32.5 dB), which 
was worse compared to the non-syndromic ears.
Conclusion: Surgery for isolated congenital stapes footplate ankylosis provides 
satisfactory audiometric outcomes. The air bone gap closure was ≤10 dB in 18/39 
(46%) ears and ≤20 dB in 29/39 (74%) ears. Most ears had some sensorineural 
impairment (10-20 dB), which influenced the final hearing level after surgery. 
Preoperative assessment is mandatory to search for syndromal diagnoses, which 
might be important for patient counseling and prognosis.
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Introduction
Congenital anomalies of the external and middle ear are categorized into major 
and minor anomalies. Minor anomalies only include anomalies of the ossicular 
chain. Major anomalies include a degree of bony atresia of the external ear canal, 
which might involve the auricle. The recent classifications of minor ear anomalies 
have all been made from a surgical viewpoint 1-4, which might facilitate the choice 
of an appropriate surgical intervention. A limited bony atretic plate in the tympanic 
membrane that immobilizes the malleus might be diagnosed as part of a 
congenital ear canal atresia 5 or as part of a congenital ossicular chain anomaly 2. 
An isolated ankylosis of the stapes footplate without anomalies of the incus or 
malleus is considered to be a separate class, which is referred to as isolated 
congenital stapes footplate ankylosis. It is valuable to know the incidence of 
congenital stapes ankylosis for preoperative counseling and to know the surgical 
outcome for these patients.
Congenital stapes footplate ankylosis might be part of a syndromal diagnosis, 
which offers specific opportunities and limitations for surgery. About 70 syndromes 
with a congenital conductive hearing impairment have been reported 6. Branchiogenic 
syndromes like Branchio-Oto-Renal syndrome 7 and Treacher Collins syndrome 8 
are examples of syndromes with specific limitations. As a result, it is considered 
worthwhile to evaluate whether a syndromal diagnosis is involved and whether 
this is likely to influence the outcome of surgery.
Reports on the outcomes of stapes surgery in small and large series of isolated 
congenital stapes ankylosis patients are rare in the literature1, 3, 9-26. Here, the 
results of a new consecutive series of isolated congenital stapes ankylosis are 
presented, which follows an earlier report from our department25. The outcome is 
compared to the outcome in other series that have been reported in the literature.
Materials and Methods
The charts of all patients that underwent ear surgery between 1986 and 2001 at 
the Radboud University Nijmegen Medical Center were analyzed for the presence 
of a minor congenital middle ear anomaly. Additionally, there was a personal 
database (senior author) available for those ears. Intra-operative findings were 
classified according to the Cremers classification 4 of congenital middle ear 
anomalies. An isolated (Class 1) stapes fixation with or without  supra-structure 
deformity was found in all 39 ears. In this study, all class 2-4 ears were excluded. 
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Patients diagnosed with otosclerosis or osteogenesis imperfecta were excluded 
from this study, these could be differentiated from congenital stapes ankylosis 
patients due to progressiveness of hearing loss which is lacking in the included 
patient group. One patient with isolated stapes ankylosis and postoperative 
surgical success was excluded due to a follow up as short as one month. The 
parameters of patients in this series were analyzed and tabulated in a computer 
database, including: age, gender, unilateral or bilateral isolated stapes fixation, 
syndromal diagnosis, co-morbidity, otoscopy before surgery, otologic history, 
preoperative audiometric testing, surgeon, peroperative findings and the surgical 
technique used. CT scans were performed to trace a widening of the internal 
acoustic canal during the preoperative management to diagnose patients with 
X-recessive stapes gusher syndrome (DFN3) 27. Postoperative hearing results 
and surgical failures were also noted. Stapes ankylosis was considered to be 
unilateral or bilateral based on audiometry and the outcome of the exploratory 
tympanotomy. The air conduction thresholds in operated and non-operated ears 
were also evaluated with the Amsterdam Hearing Evaluation Plot 28, which 
provides the opportunity to assess the individual benefit obtained after surgical 
intervention. In this study, individual outcome after surgery is described. In Figure 
1, the Amsterdam Hearing Evaluation Plots (AHEPs) are demonstrated. The 
purpose of this figure is to visualize hearing results of each individual ear after 
stapes surgery. The two dotted diagonal lines enclose the area within bone 
conduction that changed less than 10 dB. If a case is located above both the 
diagonal lines, it is defined as iatrogenic cochlear damage. In our study, no such 
damage was encountered. In Figure 2, the horizontal axis represents the 
postoperative change in air conduction, and the vertical axis represents the 
preoperative air bone gap. The solid diagonal line indicates total closure of the 
gap between preoperative air conduction and bone conduction. Consequently, 
every point below the diagonal solid line indicates an improvement of air 
conduction threshold that is larger than one may expect from the preoperative air 
bone gap (overclosure). An unsatisfactory operation result is a negative change 
in the air conduction threshold or a change in air conduction that was not enough 
to close the gap between the postoperative air conduction and the preoperative 
bone conduction to 20 dB or less. Every point above the dotted line indicates 
such a result.
The preoperative pure tone averages (PTA) for 0.5, 1, 2 and 4 kHz for the air 
conduction (AC), bone conduction (BC) and air bone gap (ABG) were compared 
with corresponding postoperative values. The postoperative reference mean 
hearing thresholds were taken at the one-year follow up. To calculate preoperative 
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air bone gap, the postoperative bone conduction values were accepted as the 
preoperative bone conduction levels unless the postoperative bone conduction 
hearing level was worse. A correlation between postoperative hearing improvement 
and surgical technique, surgeon, usage of argon laser assisted stapedotomy and 
otologic history was analyzed.
Statistical analysis was carried out for comparisons between pre- and post -
operative values using the Mann-Whitney U test and the chi-square test for 
evaluation of air conduction and bone conduction (PTA) and air bone gap. 
Statistical significance was observed with a p-value <0.05.
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Figure 1   Bone conduction 1-year postoperatively according to the Amsterdam 
Hearing Evaluation Plots (AHEPs)
 
The two dotted diagonal lines enclose the area within bone conduction that changed less than  
10 dB. No postoperative deterioration of the bone conduction more than 10 dB was found;  
BC: bone conduction; dB HL: decibel hearing level
Results
Isolated congenital stapes footplate fixation was found in 39 ears of 28 patients. 
The study population consisted of 8 males and 20 females (13 male ears and 26 
female ears), and the mean patient age was 15.3 years (9 to 27 years, SD 5.3). In 
thirteen patients, the stapes ankylosis was unilateral (46%), and in fifteen cases it 
was bilateral (54%). Bilateral surgery was performed in 12 of the 15 patients, and 
those results are also included in this series. In the remaining 3 patients with 
bilateral stapes ankylosis, one opted not to have a bilateral surgical procedure, 
and the other two ears were not included in this study because they had another 
classification. Ten of these 28 patients (36%) had a history of familial hearing loss. 
The age at surgery was less than 10 years for 3 ears (all aged 9 years), between 
10 and 20 years of age for 29 ears and above 20 years for 7 ears. A preoperative 
CT scan of the petrous bone was only abnormal in one patient who had Branchio-
Oto-Renal (BOR) syndrome (case 10 in Figure 2). Hypoplasia of the cochlea and 
an enlarged vestibular aqueduct were encountered. In 22 ears (22/39), laser 
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Figure 2   Air conduction 1-year postoperatively outcome according to the 
Amsterdam Hearing Evaluation Plots (AHEPs)
 
Most patients (situated between the solid and the dotted diagonal lines) show an improvement of 
the ABG to within 20 dB threshold. In a smaller group this goal is not reached. In two ears (10 and 
37) a deterioration of the air conduction threshold was noted; ABG: air bone gap
assisted surgery was used; in 14 cases (14/39), no use of laser was described; 
and in 3 (3/39), no detailed information was available. Twenty-four cases (24/39) 
had a stapedotomy and 15 cases had a partial platinectomy (7/15) or a total 
stapedectomy (8/15). The position of the facial nerve was abnormal in five ears; 
in five cases, the nerve was partially prolapsed over the stapes footplate. In 7 ears 
(7/39), an abnormal stapes-suprastructure was encountered, and in one ear (1/7) 
there was a monopodal suprastructure. In this series, there was no postoperative 
damage to the facial nerve function nor was there disequilibrium after stapes 
surgery direct postoperatively and on the long term. Almost no deterioration of 
the inner ear hearing level was observed at one year follow up. Moreover, no 
stapes gushers were encountered.
Postoperative follow up ranged from 11 to 208 months (more than 17 years) with 
an average of approximately 5 years; the median was 39 months. The preoperative 
and postoperative results at 1 year after surgery and the most recent audiogram 
are presented in Figure 3. A hearing threshold to within 20 dB was achieved in 
most ears, including the existing preoperative sensorineural component of the 
hearing impairment. The long-term results are shown in Figure 3 as well, and 
these data are stable.
The mean improvement in air conduction threshold is 21 dB after one year 
(median 21 dB, SD 15 dB). This can be compared to results published in the 
literature, which are shown in Table 1. The pre- and postoperative mean hearing 
levels are tabulated. 
A significant hearing gain was observed in this series of operated isolated 
congenital stapes fixation (p<0.01). Only 1 ear (case 38) had some additional 
sensorineural loss (10 dB). No significant correlation was obtained between the 
type of intervention and postoperative hearing gain (p=0.20) (Table 2) or between 
the surgeon (senior author or other) and the postoperative hearing gain (p=0.85). 
In Figures 1 and 2, the individual audiometric outcome after stapes surgery is 
illustrated in an alternative manner: the pre- and postoperative difference in bone 
conduction remains within 10 dB hearing level. In two cases (case 10 and 37), 
there was deterioration of the air conduction level (Figure 2). 
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Table 2   Success rate closure air bone gap, comparing stapedotomy group, 
stapedectomy group and partial platinectomy group
 
ABG Stapedotomy group, 
n=24
Partial platinectomy group, 
n=7
Stapedectomy 
group, n=8
 ≤ 10dB    13 (52%) 3 (43%) 2 (25%)
 ≤ 20dB    19 (79%) 6 (86%) 4 (50%)
 >20dB    5 (21%) 1 (14%) 4 (50%)
ABG: air bone gap; differences not significant
Figure 3   Individual preoperative, postoperative and most recent hearing 
levels for bone conduction and air conduction in 39 operated ears
 
* (asterisks): cases that had revision surgery; the first column of each ear indicates the preoperative 
hearing threshold, the second column the one year postoperative time point and the third column 
indicates the threshold obtained at last performed audiogram.
Postoperatively, somewhat disappointing audiometric results were seen in seven 
patients (7/39: case 9, 10, 23, 24, 32, 33 and 37), and five ears (case 9, 10, 23, 32 
and 37) underwent re-exploration. Two of these (2/5: case 23 and 9) attained an 
improvement in air conduction threshold after the second surgical intervention 
(11 dB and 36 dB, Figure 3). In 3 ears, a luxation (9 and 37) or a fixation (ear 23) 
of the Teflon-wire prosthesis was encountered during re-exploration.
In 5 out of 28 patients (18%), a syndromal diagnosis was made. In two patients 
(cases 1 and 2), Teunissen-Cremers syndrome was diagnosed, and this was 
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Figure 3  Continued
 
* (asterisks): cases that had revision surgery; the first column of each ear indicates the preoperative 
hearing threshold, the second column the one year postoperative time point and the third column 
indicates the threshold obtained at last performed audiogram.
confirmed by mutation analysis (case B II:1 and case C II:1) 29. Branchio-Oto-
Renal syndrome (BOR) was found in one patient (case 10, operated on one ear). 
Another patient (case 12, one operated ear) was diagnosed with Stickler syndrome 
(14-year-old female) 30. Klippel-Feil syndrome was found in one patient (case 26, 
one operated ear) 31. Four of these syndromal patients had a clear history of 
familial hearing loss. The mean gain in air conduction in these five ears was 15 
dB, whereas the mean gain in air conduction in the rest of the study population 
was 21 dB.
Discussion
A conductive or mixed, non-progressive hearing loss as a result of an isolated 
congenital fixation of the footplate is rare; the prevalence of conductive hearing 
loss secondary to isolated congenital middle ear malformations has been 
reported to be between 0.5-1.2% 18. In order to reduce the risk of stapes gusher 
and sensorineural hearing loss when opening the vestibulum during surgery, it is 
advisory to perform preoperative computed tomography of the temporal bone to 
visualize the inner ear and the internal acoustic canal 32. 
The mean preoperative air conduction in this study was 46 dB, and overall we 
calculated a gain of 21 dB. Table 1 shows that our results compare fairly well to 
what is published in the literature about the outcome of surgery for isolated 
congenital stapes ankylosis. There are an additional few publications that report 
results of surgery for stapes fixation 20, but we only reviewed the achievements of 
larger studies (i.e., 10 cases or more). In the literature, the air conduction gain 
ranges between 18 dB and 35 dB. Different studies use the 1995 American 
Academy of Otolaryngology-Head and Neck Surgery (AAO-HNS) Committee on 
Hearing and Equilibrium guidelines 33, but in this retrospective chart review study 
3 kHz measurement was not available; therefore, we used the 4 kHz frequency. 
Nonetheless, it is stated that there is evidence that the average of 0.5, 1, 2 and 4 
kHz measurements can be directly compared with the frequency range proposed 
by the AAO-HNS 33. In our study, we noted 10 cases where an unsatisfactory 
operation result was present, and in two more cases (10, 37) there was a 
postoperative deterioration in air conduction. In the literature, different series of 
postoperative air bone gap closure to within 10 dB have been reported. We found 
that the percentage of patients achieving a postoperative air bone gap closure to 
within 10 dB is comparable to what is reported in the other congenital series 
where the postoperative bone conduction and air conduction was used to 
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calculate the air bone gap 4, 18, 19, 34. De Bruijn et al. 28 state that definitions of 
good, moderate and unfavorable outcome are arbitrary issues; they chose to 
define an unsatisfactory result after surgery as a negative change in the air 
conduction threshold or a remaining gap of more than 20 dB. Other authors have 
confirmed this definition of an unsatisfactory result 3, 19. In the series presented 
here, we achieved 74% air bone gap closure to within 20 dB, which is mostly in 
agreement with the outcomes in other series (Table 1).
Surgical management of class 2-4 ears, after the same preoperative work-up, are 
more or less the same as in class 1. However, during the intervention the surgeon 
is more often obliged to open the middle ear through transmastoid approach or 
through the endaural approach. In class 2-4 ears, more extensive pathology is 
found like for example anterior epitympanic ankylosis of the ossicles and fixation 
of the short process of the incus.
Surgery is usually postponed to a minimum age of 8 to 10 years. Until that age 
recurrent otitis media with effusion, which often occurs in this group of patients, 
negatively influences the surgical and audiometric success. Earlier on, hearing 
rehabilitation using a conventional air conduction hearing aid or a bone conduction 
hearing aid like the BAHA is needed in bilaterally affected patients and might be 
needed in unilaterally affected patients 35. The need for surgery in children with 
unilateral conductive deafness has become more urgent as a result of studies 
indicating that problems caused by unilateral hearing in children may have been 
underestimated 36-38. Because of the detrimental effect of auditory deprivation 
one should not wait longer than age 8-10. A well-conducted preoperative 
assessment is needed, including the search for a syndromal diagnosis. The 
outcome of this series and other larger series from the literature confirm that 
stapes surgery for isolated congenital stapes ankylosis is an opportunity to 
improve the hearing level. The outcome for closure of an air bone gap is somewhat 
less favorable compared to series on stapes surgery for otosclerosis. The 
outcome of stapes surgery in osteogenesis imperfecta is also inferior compared 
to the outcome for otosclerosis 39. Additionally, it is essential to keep in mind that 
the preoperative sensorineural hearing impairment in patients with a congenital 
minor ear anomaly, including isolated congenital stapes ankylosis, might indeed 
limit the final outcome of the hearing level.
52 | Chapter 2
Conclusion
This new consecutive series of patients with isolated congenital stapes ankylosis 
provides satisfactory results, and is also compared to the few previous reports in 
the literature on this topic. A patient with unilateral or bilateral congenital isolated 
stapes footplate ankylosis might therefore greatly benefit from stapes surgery. 
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Congenital stapes ankylosis associated 
with another ossicular chain anomaly: 
surgical results in 30 ears
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Abstract
Objective: To describe the audiometric results after stapes surgery in a 
consecutive series of patients with stapes footplate ankylosis combined with 
another ossicular middle ear pathology.
Study Design: A retrospective analysis of charts collected between 1986 and 
2001.
Setting: A tertiary referral center.
Patients: A total of 25 patients (30 ears) underwent exploratory tympanotomies 
and ossicular reconstruction.
Main Outcome Measurement: Audiometric results. 
Results: Overall, a mean gain in air conduction of 18 dB (from 49 dB to 31 dB) 
and a mean postoperative air-bone gap of 20 dB (mean preoperative air-bone 
gap 40 dB) were observed. The air-bone gap closure was ≤20 dB in 70% of cases, 
which is in agreement with the few results reported in the literature. Moreover, the 
audiometric results remained stable. In the group of ears with a syndrome, the 
mean gain of air conduction was only 19 dB, which was comparable to that 
observed among non-syndromic ears.
Conclusion: Surgery for congenital stapes footplate ankylosis with a concomitant 
ossicular chain anomaly can provide worthwhile hearing improvement. The 
air-bone gap closure was ≤20 dB in 21/30 (70%) ears. Most ears had some 
sensorineural impairment (10-20 dB), which influenced the final hearing level after 
surgery. Over recent decades the technique of the malleostapedotomy procedure 
has been improved. Preoperative assessment is mandatory for syndromal 
diagnoses, which might be important for patient counseling and prognosis.
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Introduction
 
Congenital anomalies of the ossicular chain causing conductive hearing 
impairment are rare, even at a tertiary referral center. The topic is rarely investigated 
in the otology literature. The incidence among children with conductive hearing 
impairment is between 0.5 and 1.2%1, 2. Several classifications of these anomalies 
have been developed over time, mainly from a surgical viewpoint, to categorize 
these surgical findings and to further analyze the outcomes of these surgical 
interventions3-6. The two most recent classifications are in fact based on the 
previously published Cremers classification6 and subdivide the main categories 
of that report in more morphological subcategories. 
Class 2 anomalies7 are cases in which a stapes footplate ankylosis is associated 
with an anomaly of the malleus and/or incus. Class 1 consists of cases in which 
a congenital isolated stapes footplate ankylosis is present. These class 1 
anomalies have been the subject of serial analysis more frequently than the class 
2 category of anomalies8. However, the outcome of a surgical intervention in such 
class 2 series is usually satisfactory6, 7.
A congenital ossicular chain anomaly normally causes large conductive hearing 
impairments (40-60 dB). However, a permanent sensorineural component of 5-15 
dB is frequently part of the total hearing impairment. After a successful surgical 
intervention, such preoperative sensorineural impairment becomes permanent 
and frequently limits the final surgical outcome such that completely normal 
hearing levels are not achieved postoperatively.
A syndromal diagnosis can become part of a preoperative surgical evaluation. 
Over 70 different genetic syndromes with a conductive or mixed hearing 
impairment component have been reported9. Such a syndromal diagnosis might 
help predict which middle ear anomaly and ossicular chain pathology, as well as 
the potential outcome of a surgical intervention, are to be expected10.
In this manuscript, we present the second consecutive series of class 2 congenital 
ossicular chain anomalies from a tertiary referral center, reporting the surgical 
findings and outcomes of that series. The outcomes of a preoperative syndromic 
work-up are also presented. These results are compared to outcomes of similarly 
categorized series, as reported previously in the literature.
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Materials and Methods
Between 1986 and 2001, exploratory tympanotomy was performed on 109 ears; 
congenital ossicular chain anomalies were observed in 89 patients. The medical 
records of 25 patients (30 ears) out of these 89 patients, who underwent surgery 
for a stapes ankylosis associated with another ossicular chain anomaly, were 
analyzed. All patients were treated at the Department of Otorhinolaryngology, 
Radboud University Nijmegen Medical Center, the Netherlands. In this study, 
patients diagnosed with osteogenesis imperfecta or otosclerosis were excluded. 
The minimum age required for surgery was eight years. All patients had a history 
of hearing loss since early childhood. History of long-term middle ear pathology 
was excluded in all cases by medical history, otologic examination and information 
provided by the referral center. Various surgical techniques have been used to 
reconstruct the ossicular chain as part of a stapedotomy/stapedectomy procedure.
Computed Tomographic (CT) scan of the temporal bones was mainly performed 
to exclude obvious anomalies of the inner ear and the internal acoustic canal and 
to obtain accurate information on the risk of a stapes gusher11. Additional useful 
information on pneumatization of the mastoid and the size of the middle ear was 
obtained. 
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Table 1   Cremers classification, intra-operative findings
 
Class Anomaly Subclassification
1 Isolated stapes footplate fixation 
2 Stapes fixation with another congenital 
ossicular chain anomaly
a) ossicular discontinuity
b) epitympanic fixation        
c) tympanic fixation
3 Anomaly of ossicular chain but mobile 
stapes footplate
a) ossicular discontinuity
b) epitympanic fixation        
c) tympanic fixation
4 Congenital aplasia/dysplasia of the oval 
window  
or round window
a) aplasia  
b) dysplasia
abnormal facial nerve 
persistent stapedial artery 
Intra-operative findings were classified according to the Cremers classification4, 6 
of congenital middle ear anomalies (Table 1). The anomalies of the ossicular chain 
associated with congenital stapes ankylosis (class 2) were divided into 3 subgroups: 
type A for the ears with congenital stapes ankylosis and an ossicular discontinuity; 
type B for the ears with congenital stapes ankylosis with an epitympanic fixation 
(Figure 1A and 1B); and type C for the ears with a stapes ankylosis combined with 
a tympanic ossicular fixation (including fossa incudis fixation) (Figure 1C).
All patients underwent general anesthesia. A transcanal approach was typically 
used, in combination with a transmastoid approach if (epi-)tympanic fixation of 
the ossicular chain was suspected. After exposing the middle ear, the mobility of 
the malleus and incus was determined. The incudo-stapedial joint was then 
separated. Mobilization of the ossicles could be performed either by eliminating 
excessive bone in the epitympanum or tympanum and/or by removal of the incus 
and/or head of the malleus. Upon confirmation of a stapes fixation, small fenestra 
stapedotomy or stapedectomy/partial platinectomy was performed, after removal 
of the stapedial tendon and posterior crus. The fenestration was performed by 
creating a fenestration stapedotomy in the footplate, using a diamond drill. The 
anterior crus with capitulum of the stapes was fractured and removed. Most 
patients received the Fish Teflon-platinum piston prosthesis for reconstruction of 
the ossicular chain during incudostapedotomy. 
2.
2
Surgery of congenital stapes ankylosis with another ossicular chain anomaly | 61
Figure 1   The anomalies of the ossicular chain associated with congenital 
stapes ankylosis (class 2)
 
A, Epitympanic fixation anterior of the malleus-head (transcanal approach). B, Epitympanic fixation 
of the incus-head (transmastoid approach). C, An isolated fixation of the short process of the incus 
in association with an open epitympanum, without fixation (transmastoid approach). 
A B C
The parameters of patients in this series were analyzed and tabulated in a 
computer database, including: age, gender, unilateral or bilateral congenital 
middle ear anomaly, syndromal diagnosis, co-morbidity, otoscopy before surgery, 
otologic history, preoperative audiometric testing, surgeon, perioperative findings 
and surgical technique used. Postoperative hearing results and surgical failures 
were noted.
Preoperative pure tone averages for 0.5, 1, 2 and 4 kHz (PTA) for air conduction 
(AC), bone conduction (BC) and air-bone gap (ABG) were compared with the 
corresponding postoperative values. The postoperative reference mean hearing 
thresholds were taken at the one-year follow-up visit. Long term follow-up data 
were also collected. Postoperative bone conduction values were accepted as the 
preoperative bone conduction level to calculate preoperative air-bone gap, unless 
the postoperative bone conduction hearing level was worse. 
Air conduction thresholds in operated ears and non-operated ears were also 
evaluated with the Amsterdam Hearing Evaluation Plot12, which provides the 
opportunity to assess the individual benefit obtained after surgical intervention 
(Figure 2A). The two dotted diagonal lines enclose the area within bone conduction 
that changed less than 10 dB. If a case is located above both the diagonal lines, 
it is defined as iatrogenic cochlear damage. In Figure 2B, the horizontal axis 
represents the postoperative change in air conduction, and the vertical axis 
represents the preoperative air-bone gap. The solid diagonal line indicates total 
closure of the gap between preoperative air conduction and bone conduction. 
Consequently, every point below the diagonal solid line indicates a gain in air 
conduction that is larger than one would expect from the preoperative air-bone 
gap (overclosure). An unsatisfactory surgical result in this graphic presentation is 
defined as a negative change in the air conduction threshold or a change in air 
conduction that was not sufficient to close the gap between the postoperative air 
conduction and the preoperative bone conduction to 20 dB or less. Every point 
above the dotted line indicates such a result. Other studies use the 1995 American 
Academy of Otolaryngology-Head and Neck Surgery (AAO-HNS) Committee on 
Hearing and Equilibrium guidelines13, but in this retrospective chart review study, 
we did not encounter measurements at 3 kHz; therefore, we used the 4 kHz 
frequency. Nonetheless, there is evidence that the average of 0.5, 1, 2 and 4 kHz 
measurements can be directly compared with the frequency range proposed by 
the AAO-HNS13.
Statistical analysis was carried out for comparisons between pre- and post operative 
values and for audiometric outcome. The correlation between postoperative hearing 
results and surgical technique, stapedectomy or stapedotomy and syndromal 
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Figure 2   Individual postoperative audiometric outcome in 30 operated ears 
according to the Amsterdam Hearing Evaluation Plots
 
A, the two dotted diagonal lines enclose the area within bone conduction that changed less than 
10 dB. In two cases (cases 13 and 23), a deterioration of the perceptive hearing threshold from  
5 dB to 25 dB was noted; BC: bone conduction; dB HL: decibel hearing level. B, the horizontal 
axis represents the postoperative change in air conduction, and the vertical axis represents the 
preoperative air-bone gap. The solid diagonal line indicates the total closure of the gap between 
preoperative air conduction and bone conduction. Most patients (situated between the solid  
and the dotted diagonal lines) show an improvement of the ABG to within 20 dB threshold. ABG: 
air bone gap
A
B
diagnosis was analyzed. The different surgical interventions (2 types: malleosta-
pedotomy and incudostapedotomy) undertaken and their surgical outcomes 
were compared using the Mann Whitney U test. Furthermore, the chi-square test 
was used for evaluation of postoperative hearing level compared to the 
preoperative level. Statistical significance was observed with a p-value <0.05.
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Figure 3   Individual preoperative, postoperative and most recent hearing 
levels for bone conduction and air conduction in 30 operated ears
 
* (asterisks): audiometric values of cases before revision surgery; the first column of each ear 
indicates the preoperative hearing threshold, the second column represents the one-year 
postoperative time point, and the third column indicates the threshold obtained at the last 
performed audiogram; 3A refers to class 2a, 3B to class 2b and 3C to class 2c, according to the 
Cremers classification.
A
B
Results
Stapes fixation with a concomitant anomaly in the ossicular chain of the middle 
ear was encountered in all 25 patients (30 ears). The categorization of anomalies 
according to the Cremers classification is as follows: 7 ears were categorized in 
group 2a (Figure 3A), a type 2b anomaly was encountered in 11 ears (Figure 3B), 
and a type 2c anomaly was confirmed in 12 ears (Figure 3C). In subgroup 2c, we 
found 11 ears with incudal fossa fixation, whereas one ear showed general 
tympanic fixation. Preoperative CT scan (n=19) of the petrous bone did not reveal 
any cochlear or inner ear abnormality. The study population consisted of 13 
males and 12 females (17 male ears and 13 female ears). The age at surgery was 
less than 10 years for 3 ears (one aged 8, two aged 9 years), between 10 and 20 
years of age for 22 ears and above 20 years for 5 ears; the mean age was 17 
years (8 to 44 years, SD 9.8). In 11 ears, the ossicular chain disorder was unilateral 
(37%); in 19 ears, it was bilateral (63%) (Table 2). In 10 (5 patients) of these 19 
ears, bilateral surgery was performed; this group is also included in the series of 
109 ears. Of the remaining 9 ears, five underwent an exploratory tympanotomy on 
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Figure 3  Continued
 
* (asterisks): audiometric values of cases before revision surgery; the first column of each ear 
indicates the preoperative hearing threshold, the second column represents the one-year 
postoperative time point, and the third column indicates the threshold obtained at the last 
performed audiogram; 3A refers to class 2a, 3B to class 2b and 3C to class 2c, according to the 
Cremers classification.
C
the contralateral side, but these ears did not meet the requirements of a class 2 
ear anomaly. In 4 out of 30 ears, a monopodal stapes superstructure was noted. 
In Table 3 the success rates divided according to the type of surgical procedure 
(incudostapedotomy or malleostapedotomy) are listed. No significant difference in 
surgical outcome could be noted (overall p-value is 0.09). The incus was removed 
in 10 ears, and a malleostapedotomy was performed in all these ears. Nearly all 
exploratory tympanotomies (26/30) were performed by the senior author (CC). 
In this study, there was neither postoperative damage to facial nerve function nor 
persistent dizziness after stapes surgery. No stapes gushers were encountered.
The average preoperative AC for all patients was 49 dB (range, 28-96 dB) (Table 4). 
The mean preoperative air-bone gap (ABG) was 40 dB (range 14-65 dB). The mean 
postoperative AC was 31 dB (range 9-78 dB), with a mean postoperative ABG of 
20 dB (range 0-60 dB). A significant hearing gain was observed in this series of 
operated congenital stapes fixation with a concomitant ossicular anomaly (p<0.001). 
A closure of the preoperative ABG to within 20 dB was achieved in most ears (70% 
(21/30)) (Figure 2B and Table 5). No significant correlation was noted between 
postoperative audiometric result and type of anomaly or age of the patient (Table 6). 
Postoperative follow-up ranged from 11 to 218 months, with an average of 
approximately 7.7 years; the median was 85 months. The long-term results (Table 4) 
show a mild deterioration of the audiometric results: bone conduction from 12 to 
18 dB and air conduction from 31 to 39 dB. The mean ABG remains stable: 20 dB 
after one year and 21 dB at the last audiogram performed. 
In Figure 2A, the individual audiometric outcome after exploratory tympanotomy 
is illustrated in an alternative manner. The figure shows that the pre- and post -
operative difference in bone conduction remains within 10 dB hearing level in 
almost all cases. In two cases (cases 13 and 23), a deterioration of the perceptive 
hearing threshold from 5 dB to 25 dB was noted (Figure 2A). One patient (case 13) 
was diagnosed with Toriello syndrome14, and the other (case 23) had Teunissen-
Cremers syndrome and was already described in the literature15 (Dutch case 1).
Figure 3B shows that disappointing postoperative audiometric results were seen 
in 11 patients (11/30: cases 9, 13, 15, 16, 20, 21, 23, 24, 26, 29 and 30). 
Re-exploration was performed in eight ears (cases 4, 9, 20, 23, 24, 26, 29 and 30). 
Successful reconstruction was performed in 3 ears (4, 23 and 24). In two of these 
ears (4 and 23), revision surgery was necessary due to Teflon piston luxation; in one 
ear (24), recurrent bony closure of the footplate after stapedotomy necessitated 
revision surgery. In ear 23, the perceptive hearing impairment was encountered 
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during the period between one year postoperatively and the time of re-exploration. 
None of the reconstructions performed in the other five cases were successful. In 
one of five ears (9), epitympanic ossicular re-fixation necessitated remodeling of 
the incus to create a malleostapedotomy. In the second ear (20), the disappointing 
result urged re-exploration, and mobilization of the fossa incudis fixation was 
performed. In case 26, the stapedotomy opening seemed too small, necessitating 
partial platinectomy, but conductive hearing loss remained after revision. In case 
29, a luxation of the Teflon piston perforated the tympanic membrane; during 
revision surgery, a new piston was added, but the reason for the remaining ABG 
remains elusive. In one case, acquired cholesteatoma was observed a few years 
after primary surgery (case 30). Perceptive hearing impairment was obtained in 5 
ears (9, 20, 23, 24 and 29), and usually the impairment occurred slowly after 
re-exploration and was progressive. Although not all revisions were successful 
(cases 9, 20, 26, 29 and 30), the hearing results of this series can generally be 
considered worthwhile.
A syndromal diagnosis was made in 12 out of 30 ears (40%). In 7 ears (18, 19, 21, 
23, 24, 27, and 28), Teunissen-Cremers syndrome was diagnosed; this was 
confirmed in some patients by mutational analysis15-17. Branchio-oto-renal 
syndrome (BOR) was found in 3 patients (3 ears: 7, 10 and 16). Other syndromes, 
including Toriello syndrome14 and lacrimoauriculodentodigital syndrome, were 
diagnosed in 2 more ears (13 and 14)18. In eleven of these syndromal ears, a clear 
history of familial hearing loss was noted. The mean gain in air conduction in 
these 12 ears was 19 dB, which is consistent with the mean gain in air conduction 
in the rest of the study population. 
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Table 3   Success rate closure air bone gap in incudo-stapedopexy group 
compared with the malleovestibulopexy group
 
ABG Incudostapedotomy group 
n=18
Malleostapedotomy group 
n=12
Significance
≤10dB 3/18 (17%) 4/12 (33%) p = 0.285
≤20dB 11/18 (61%) 10/12 (83%) p = 0.622
>20dB 7/18 (39%) 2/12 (17%) p = 0.142
Overall (n=30) no statistical significant surgical outcome in ABG closure could be noted (p = 0.09) 
between the 2 surgical procedures
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Table 6   Audiometric results according to the type of anomaly and age 
group following exploratory tympanotomy
 
HG, Mean ± SD Closure ABG, Mean ± SD
Type 2A (n=7) 31.8 ± 9.9     32.5 ± 10.4     
Type 2B (n=11) 17.7 ± 17.6     20.9 ± 14.1     
Type 2C (n=12) 10.1 ± 24.6     13.5 ± 21.7     
Age <10 years (n=3) 7.9 ± 7.5     10.4 ± 9.0     
Age 10-20 years (n=22) 19.0 ± 21.1     21.7 ± 18.4     
Age >20 years (n=5) 12.3 ± 19.8     15.5 ± 16.6     
ABG = air-bone gap, expressed in dB; HG = hearing gain, expressed in dB; Mean values for HG 
and ABG closure were based on the average thresholds from frequencies 0.5, 1, 2 and 4 kHz. No 
significant correlation (p>0.05) was found for any parameter mentioned.
Table 5   Audiometric parameters in 30 ears before and after exploratory 
tympanotomies
 
Current  
Study
Teunissen 
et al.*
Kisilevsky  
et al. 
Preoperatively     
No. of ears (total ears in study) 30 (30) 32 (32) 15 (40)
Follow up, mo 12 12 12
Mean BC, dB 9 16 22
Mean AC, dB 49 53 52
Mean ABG, dB 40 37 30
Postoperatively     
Mean BC, dB 12 15 21
Mean AC, dB 31 30 34
Mean ABG, dB 20 15 13
HG, dB 18 23 18
BC-loss >10 dB (ears) 7% (2) 9% (3) NA
ABG ≤20dB (ears) 70% (21) 63% (20) NA
Only studies reporting more than 10 patients were included;  based on mean PTA: 0.5-1-2-3 kHz26; 
* based on mean PTA: 0.5-1-2 kHz7. 
Discussion
In this series, hearing impairment as a result of congenital stapes ankylosis 
associated with another congenital ossicular chain anomaly (class 2 according 
to the Cremers classification6) is presented. The preoperative diagnosis of 
conductive hearing loss due to congenital anomaly is rather challenging. A serous 
otitis media or recurrent acute otitis media (which frequently occurs in children) 
superimposed on the congenital malformation might delay the correct diagnosis 
and treatment. Furthermore, attempts at surgical management by placement of 
ventilation tubes without middle ear inspection exacerbates this delay even more, 
which may adversely affect speech and language development and learning 
ability. The right treatment is adaption of an appropriate amplification as early as 
possible or later on a surgical intervention. However, surgery in children younger 
than 10 years of age is reported to be less common7. Bilateral, rather than 
unilateral hearing impairment, makes the need for treatment even more urgent. 
The years before successful surgery in patients with bilateral hearing impairment, 
the patient should wear hearing aids. 
In cases of a syndromal diagnosis with multiple congenital dysmorphic features, 
hearing loss as a result of a congenital anomaly seems more likely, particularly in 
cases where deformities of the branchial arch derivatives are noted, such as in 
Treacher Collins syndrome19, 20 and branchio-oto-renal syndrome21. In non- syndromic 
cases, without external abnormal anatomic features, an adequate diagnosis 
remains challenging. The tympanic membrane and external ear canal appeared 
normal in all non-syndromic cases. Furthermore, conventional CT scanning of the 
petrous bones did not reveal any anomalies. However, very recently, new 
radiologic techniques have become available. Currently, the radiographic options 
used to visualize the middle ear are much more sophisticated22. This new 
development will substantially facilitate preoperative assessment and scheduling 
for surgery in the near future. 
The mean preoperative air conduction in this study was 49 dB; overall, we calculated 
a gain of 18 dB. Table 4 shows the audiometric outcome after surgery.
In Figure 2, another format is used to report the postoperative outcome according 
to the Amsterdam Hearing Evaluation Plots (AHEPs)12. The purpose of this figure is 
to visualize hearing results of each individual ear after stapes surgery. Figure 2A 
shows that in two ears, some iatrogenic inner ear damage was encountered (cases 
13 and 23). In Figure 2B, we noted 11 cases (9, 13, 15, 16, 20, 21, 23, 24, 26, 29 and 
30) where an unsatisfactory operative result was achieved; in 6 of these (9, 13, 23, 
24, 26 and 29), there was a postoperative deterioration in air conduction. 
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There are only a few publications about this rare pathologic middle ear entity and 
only some are useful for comparison3, 7, 23-31. In this series, thorough descriptions 
of the deformities and accurate reports enabled us to distinguish between various 
corresponding deformities. Therefore, it was possible to isolate the surgical 
findings and results of the patients who were diagnosed with stapes ankylosis 
with a concomitant other ossicular chain anomaly. The data are shown in Table 5 
(series reported with more than 10 patients are tabulated). A range in air 
conduction gain between 18 dB and 23 dB was obtained. These results are similar 
to those published previously on surgical outcomes. Moreover, the audiometric 
results remained stable compared to the previously published series7. 
The outcome of this series and a few other series3, 7, 23-31 confirms that surgery for 
congenital stapes ankylosis and an associated deformity of the ossicular chain is 
an opportunity to improve hearing level (Table 5). In experienced hands, 
reconstructive middle ear surgery will generally lead to a considerable 
improvement in hearing. More recently, the opportunities to apply semi-implant-
able hearing aids might provide new treatment options, especially when more 
conventional microsurgical procedures do not provide the desired outcome32. 
Conclusion
 
This new, consecutive series of patients with congenital stapes ankylosis associated 
with another ossicular chain deformity can provide worthwhile hearing improvement, 
and results are comparable to previous reports in the literature on this topic. Due 
to the recent improvement in surgical techniques, a patient with unilateral or 
bilateral congenital stapes ankylosis with a concomitant ossicular anomaly might 
therefore benefit greatly from middle ear surgery. Surgery is usually postponed to 
a minimum age of 8 to 10 years. 
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Congenital ossicular chain anomalies 
associated with a mobile stapes footplate: 
Surgical results for 23 ears
Thomeer HGXM
Kunst HPM
Cremers CWRJ
Ann Otol Rhinol Laryngol. 2012, in print 
Abstract
Objectives/Hypothesis: To describe the audiometric results following surgery in 
a consecutive series of patients with a congenital ossicular middle ear pathology 
that was associated with a mobile stapes footplate.
Study Design: A retrospective analysis of patient charts between 1986 and 2001.
Methods: A tertiary referral center study in a total of 23 patients (23 ears) who 
underwent exploratory tympanotomies and ossicular reconstruction.
Main Outcome Measurement: Audiometric results. 
Results: Overall, a mean gain in air conduction of 17 dB (from 47 dB to 30 dB), a 
sensorineural deterioration of 3 dB and a mean postoperative air-bone gap of 19 
dB (mean preoperative air-bone gap of 38 dB) were observed. The air-bone gap 
closure was ≤20 dB in 65% (15/23) of cases, which is in agreement with the few 
results reported in the literature. Moreover, the audiometric results remained 
stable. In the ear group with a syndrome, the mean gain in air conduction was 
only 13 dB, which was worse than that observed for the non-syndromic ears.
Conclusion: Surgery for congenital ossicular chain anomaly with a concomitant 
mobile stapes footplate provides positive audiometric outcomes. Most ears had 
some sensorineural impairment (10-20 dB), which influenced the final hearing 
level attained after surgery. Preoperative assessment is mandatory to search for 
syndromal diagnoses, which might be important for patient counseling and 
prognosis.
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Introduction
Congenital anomalies of the ossicular chain are rare. In non-syndromic cases 
without external abnormal anatomic syndromal features, a diagnosis is mainly 
based on medical history and possibly on findings during operative exploration. 
Hence, an accurate diagnosis remains challenging because the clinical and 
audiometric presentation of a patient may mimic a more common middle ear 
pathology, such as otosclerosis or discontinuity of the ossicular chain. Designing 
the best and most practical classification of minor ear anomalies, i.e., isolated 
ossicular chain malformations, is difficult due to the considerable anatomical 
diversity that is encountered during exploratory tympanotomies. Over time, 
different classifications of congenital middle ear pathologies, primarily based on 
a surgical perspective, have become available1-9. The more recent classifications 
are based on the 1993 Cremers classification9. Class 3 anomalies are described 
as a normal mobile stapes footplate in conjunction with an anomaly of the malleus 
and/or incus6. Only a few comparable reports on class 3 anomalies have been 
reported in the literature 2, 4, 5, 7, 10-22.
Appropriate treatment consists of a suitable level of amplification as early as 
possible and eventually a surgical intervention. However, surgery in children 
younger than 10 years of age is reported to be less common23. When bilateral 
hearing impairment, as opposed to unilateral impairment, is present, treatment is 
imperative. In the time prior to successful surgery in patients with bilateral hearing 
impairment, hearing aids should be used. In cases of more significant air-bone 
gaps (more than 40 dB), Bone-Anchored Hearing Aid systems may be the best 
option24, 25. 
The reported anomalies may be due to a syndrome, and the surgical outcome of 
an exploratory tympanotomy in these patients may be influenced by the presence 
of such a syndrome. Over 70 different syndromes have been reported that feature 
a minor congenital ear anomaly26. In particular, a more complicated ossicular 
chain anomaly may be suspected in cases where deformities of the branchial 
arch derivatives are noted, such as Treacher Collins syndrome27, 28 and Branchio-
Oto-Renal syndrome29. A syndromal diagnosis may even help to predict which 
middle ear anomaly is present and what surgical outcome can be expected. 
Herein, we report on a consecutive series of class 3 minor ear anomalies and 
their surgical outcomes in patients. This study is an addition to an earlier report 
on a previous series of congenital middle ear anomalies from the same 
department9. The resulting outcomes of ear surgery are compared to previous 
reports in the literature.
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Materials and Methods
Between 1986 and 2001, a total of 89 patients underwent surgery for a congenital 
middle ear anomaly; all of these patients were treated at the Department of Oto-
rhinolaryngology of the Radboud University Nijmegen Medical Center in the 
Netherlands. Intra-operative findings were classified according to the Cremers 
classification9 of congenital middle ear anomalies, and 23 patients were 
determined to suffer from a class 3 anomaly. Class 3 anomalies of the ossicular 
chain were subdivided into three separate groups; type A included ears with an 
ossicular discontinuity, type B included ears with an epitympanic fixation and 
type C included ears with a tympanic ossicular fixation, including fossa incudis 
fixation. In this study, patients with progressive conductive or mixed hearing loss 
were excluded. A history of a congenital hearing loss since early childhood was 
present in all of the patients. A history of other long-term middle ear pathologies 
could be excluded in all of the cases based on history, otologic examination and 
information obtained from the referral center. 
All patients were placed under general anesthesia for operations. Different 
surgical interventions were performed depending on the encountered anomaly 
(Table 1).
A transcanal approach combined with a transmastoidal approach was employed 
if (epi-)tympanic fixation of the ossicular chain was suspected. After exposure of 
the  middle ear, the mobility of the malleus and incus was first determined. 
Mobilization of the ossicles (if necessary) could be performed by eliminating 
excessive bone in the (epi-)tympanum and/or by evacuation of the incus and/or head 
of the malleus. Furthermore, upon confirmation of stapes mobility, reconstruction 
of the ossicular chain was performed. Mainly three different reconstructions were 
performed: 
First a collumellar reconstruction including a connection between the intact 
malleus handle and stapes footplate is performed, usually with use of a Wehrs 
prosthesis. A malleostapedotomy where a connection between vestibulum and 
malleus handle is performed with a 0.4 mm Teflon-platinum piston prosthesis 
after removal of the malleus head en incus. Furthermore an incus transposition 
where a remodeled autologous or homologous incus is placed between mobile 
stapes superstructure and malleus handle. Finally, other reconstructions including 
among others a remodeled autologous or homologous malleus head is placed 
between mobile stapes superstructure and malleus handle.
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The patient parameters in this series were analyzed and tabulated in a computer 
database. These parameters included age, gender, the presence of an unilateral 
or bilateral congenital middle ear anomaly, syndromal diagnosis, co-morbidity, 
otoscopy before surgery, otologic history, preoperative audiometric testing, 
surgeon, peroperative findings and the surgical technique used. Postoperative 
hearing results and surgical failures were noted. 
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Figure 1   Individual preoperative, postoperative and most recent hearing 
levels for bone conduction and air conduction in 23 operated ears
 
* (asterisks): audiometric values of cases before revision surgery; the first column of each ear 
indicates the preoperative hearing threshold, the second column represents the one-year 
postoperative time point, and the third column indicates the threshold obtained at the last 
performed audiogram; class 3 according to the Cremers classification.
A
B
Preoperative pure tone averages (PTA) at 0.5, 1, 2 and 4kHz for air conduction 
(AC), bone conduction (BC) and the air-bone gap (ABG) were compared with 
corresponding postoperative values. The postoperative reference mean hearing 
thresholds were measured at the one-year follow up. Postoperative bone 
conduction values were accepted as the preoperative bone conduction level to 
calculate the preoperative air-bone gap unless the postoperative bone conduction 
hearing level was worse. Individual outcomes after surgery are illustrated in Figure 1.
Air conduction thresholds in operated ears and non-operated ears were also 
evaluated using the Amsterdam Hearing Evaluation Plot30. This evaluation 
provides an assessment of the individual benefit obtained after surgical 
intervention (Figure 2A and 2B). Other studies have used the 1995 American 
Academy of Otolaryngology-Head and Neck Surgery (AAO-HNS) Committee on 
Hearing and Equilibrium guidelines31, but in this retrospective chart review study, 
we did not encounter measurements at 3 kHz; therefore, a frequency of 4 kHz was 
used. However, there is evidence that the average of 0.5, 1, 2 and 4 kHz 
measurements can be directly compared with the frequency range proposed by 
the AAO-HNS31.
Statistical analyses were carried out to make comparisons between pre- and 
postoperative values and to compare audiometric outcomes between different 
parameters. Correlations between the postoperative hearing results and surgical 
technique and syndromal diagnosis were analyzed. The means of two groups, 
i.e., hearing gain corresponding to two different surgical intervention types, were 
compared using the Mann-Whitney U test. The chi-square test was used to 
evaluate air conduction and bone conduction (PTA) and the air-bone gap. 
Statistical significance was observed at a p-value <0.05.
Results
The study population consisted of 13 males and 10 females. The age at surgery 
was less than 10 years for three ears (aged 6, 7 and 9 years), between 10 and 20 
years of age for 12 ears and above 20 years for 8 ears; the mean age was 20 years 
(6 to 58 years, SD 14.0). In all 23 ears, the class 3 ossicular chain disorder was 
identified as unilateral. However, the contralateral ear showed another congenital 
ossicular chain anomaly in 8 of the 23 patients. Patient anomalies were categorized 
according to the Cremers classification as follows: 11 ears were categorized into 
class 3a, 10 ears were categorized based on a class 3b anomaly and 2 ears had 
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Figure 2   Bone conduction 1-year postoperatively, according to the 
Amsterdam Hearing Evaluation Plots (AHEPs)
 
A:  The two dotted diagonal lines enclose the area within bone conduction that changed less than 
10 dB. A case located above both diagonal lines is defined as iatrogenic cochlear damage. In 
two cases (case 14 and 15), a deterioration of the perceptive hearing threshold was noted from 
20 dB to 40 dB and 33 dB, respectively; BC: bone conduction; dB HL: decibel hearing level. 
B:  The horizontal axis represents the postoperative change in air conduction, and the vertical axis 
represents the preoperative air-bone gap. The solid diagonal line indicates the total closure of 
the gap between preoperative air conduction and bone conduction. Consequently, every point 
below the diagonal solid line indicates a gain in air conduction that is larger than one would 
expect from the preoperative air-bone gap (overclosure). An unsatisfactory operation result is 
defined as a negative change in the air conduction threshold or a change in air conduction that 
was not sufficient to close the gap between the postoperative air conduction and the 
preoperative bone conduction to 20 dB or less. The latter result is represented by every point 
above the dotted line. ABG: air bone gap
A
B
a confirmed class 3c anomaly. Preoperative CT scans (n=14) of the petrous bone 
did reveal an inner ear abnormality in one patient consisting of an enlarged 
vestibular aqueduct (ear 14). No significant correlation was found between the 
type of procedure and the resulting hearing improvement. Nearly all exploratory 
tympanotomies (22/23) were performed by the senior author (CC). In this study, 
no occurrences of postoperative damage to the facial nerve function or occurrences 
of persistent dizziness were reported. No stapes gushers were encountered in 
any of the cases; during reconstruction in 2 ears (ear 5 and 15), a luxation of the 
footplate was encountered, and a malleostapedotomy was performed. In one 
patient (ear 15), persistent maximum perceptive hearing loss occurred years after 
re-intervention, which was thought to be the result of an acute otitis media. The 
individual pre- and postoperative results at 1 year after surgery are presented in 
Figure 1; the long-term results are also reported. A hearing threshold to within 
20 dB was achieved in most ears, including the existing preoperative sensorineural 
component of the hearing impairment. 
The average preoperative AC for all patients was 47 dB (range 14-71 dB) (Table 2). 
The mean preoperative air-bone gap (ABG) was 38 dB (range 16-63 dB). The 
mean postoperative AC was 30 dB (range 9-71 dB) with a mean postoperative 
ABG of 19 dB (range 0-51 dB). A significant hearing gain was observed in the 
postoperative patients who exhibited ossicular anomalies that were associated 
with a mobile stapes footplate (p<0.001). 
No significant correlation could be determined between the postoperative 
audiometric results and the type of anomaly or the age of the patient. Postoperative 
follow up ranged from 11 to 175 months with an average of approximately 4 years; 
the median follow up time was 24 months. The long-term results (Table 2) indicate 
that the audiometric results remain stable; the mean bone conduction remains 11 
dB, and a mean air conduction of 30 dB. Furthermore, the mean ABG remained 
stable; the ABG was calculated to be 19 dB after one year, based on the last 
performed audiogram.
The individual audiometric outcomes after exploratory tympanotomies are illustrated 
in an alternative manner in Figure 2A. The pre- and postoperative differences in 
bone conduction remain within a 10 dB hearing level in almost all of the cases. In 
two cases (case 14 and 15), a deterioration of the perceptive hearing threshold 
was noted from 20 dB to 40 dB and 33 dB, respectively (Figure 2A). One patient 
(case 14) was diagnosed with Branchio-Oto-Renal syndrome; the other patient 
(case 15) was known to have Treacher Collins syndrome. 
As shown in Figure 2B, somewhat disappointing audiometric results were observed 
in 9 postoperative patients (9/23: case 6, 7, 12, 14, 15, 19, 20, 21 and 23). In three 
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ears (case 12,14 and 19), re-exploration was performed, and in 2 of these ears 
(ear 12 and 14), the reconstruction was not successful. In one of these ears (ear 
19), revision surgery was needed due to ossicular malformation, and a collumellar 
reconstruction was eventually performed with a homologous, remodeled malleus 
head; the final hearing result in this case was satisfactory. In ear 15, the maximum 
perceptive hearing impairment was encountered during the period between one 
year postoperative and the last performed audiogram; an infectious otitis media 
resulted in a total hearing loss. However, in the remaining 65% of patients of this 
series (15/23), a closure of the preoperative ABG to within 20 dB was achieved 
(Figure 2B).
A class 3A anomaly was identified during exploratory tympanotomies in 11 ears 
(Table 1). In 3 cases, reconstruction of the ossicular chain between the malleus and 
stapes footplate was performed (columellar reconstruction). Autologous incus-inter-
position was performed in another 3 ears, and a malleostapedotomy was performed 
in 1 ear due to intra-operative medialization of the stapes footplate. Furthermore, an 
alternative mode of reconstruction was chosen in 4 ears based on the anatomic 
situation; one ear underwent a columellar reconstruction with parts of the bony 
tympanic annulus (ear 8), and in the other 3 ears (ear 9, 10 and 11), the shaped head 
of the malleus was interpositioned between the stapes and long process of the 
malleus. One of these ears has been previously described in the literature (ear 9)32. 
In cases with an epitympanic fixation (class 3B, n=10), performing reconstructive 
surgery was frequently much more complex due to the presence of a too narrow 
epitympanic space. Depending on the complexity of the anomaly, various 
reconstruction routes were undertaken (Table 1). Removal of the epitympanic 
bony fixation was usually sufficient to avoid reconstruction. In 3 ears with a class 
3B anomaly, a bony atretic plate was found in the upper quadrant of the tympanic 
membrane. This anomaly is regarded as a mild variation of a congenital bony 
meatal atresia and therefore might represent a borderline anomaly between minor 
and major anomalies of the ear 3, 33. 
Two different ossicular reconstructions after release of the tympanic fixation, 
using a drill and evacuation of the incus (Table 1), were chosen in class 3C cases 
(2 ears). Either an homologous malleus head was used for reconstruction (ear 22), or 
the patient’s own incus was remodeled and repositioned between the malleus 
and stapes (ear 23, incus transposition).
In 6 of the 23 ears (26%), a syndromal diagnosis was determined. One patient 
(ear 5) was diagnosed with Maxillofacial Dysostosis34; Noonan syndrome (ear 9) 
was also encountered32, and Branchio-Oto-Renal syndrome35 was discovered in 
another patient (ear 14). The Treacher Collins sequence was observed in one 
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patient (ear 15), and Turner syndrome determined the phenotype in another 
patient (ear 17). Lastly, Crouzon’s disease was diagnosed in the final syndromic 
patient (ear 20). A clear history of familial hearing loss was noted in only one of 
these syndromal ears (maxillofacial dysostosis, ear 5). The mean gain in air 
conduction in these 6 ears was 13 dB; this result is somewhat lower than the 
mean gain in air conduction in the rest of the study population.
Discussion
A few publications regarding rare congenital middle ear anomalies have been 
reported, but only certain reports are useful for comparison to our study 4, 7, 11, 
13-21, 36 because these other publications lack adequate data to compare with the 
surgical results in the presented study. In this series, accurate reports enabled us 
to distinguish between various deformities. Thus, it was possible to isolate the 
surgical findings and results for the patients who were diagnosed with an ossicular 
chain anomaly that was associated with a mobile stapes footplate. The data for 
these postoperative patients are shown in Table 3; a range in air conduction gain 
between 10 dB and 37 dB was observed. Our study indicates that the results of 
the presented series compare fairly well to results previously published in the 
literature. Moreover, the audiometric results remained equally good compared to 
those in our previously published series9. In Table 2, case 15 was excluded from 
the mean value because the maximum perceptive hearing impairment was 
encountered during the period between one year postoperative and the last 
performed audiogram, which was not due to a direct postoperative complication. 
Postoperative results may be modest (mean postoperative AC, 30 dB; remaining 
ABG, 19 dB). The sensorineural component in these congenital middle ear 
anomalies also influences the final hearing level (mean postoperative BC, 11 dB). 
This phenomenon has been previously noted in other publications37, 38. Although 
an appreciable proportion of patients will not achieve a social hearing level 
following surgery, e.g., ear 2, 3, 7, 8, 13 and 16, the authors believe that the risk of 
an exploratory tympanotomy is worthwhile to attain a serviceable hearing level. 
The improved hearing level in these cases may be better revalidated through the 
use of a conventional air conduction hearing aid. Patient informed consent is of 
absolute importance in all of these cases.
In 6 ears (26%), the congenital middle ear anomaly was not isolated and was a 
component of a syndromal diagnosis. No significant correlation (p=0.56) could 
be found in postoperative hearing gain between syndromal (13 dB) and 
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non-syndromal cases (18 dB). Previously, this result was confirmed in another 
group of congenital middle ear anomalies (class 1 according to the Cremers 
classification)37 in which a syndromal influence on the postoperative result was 
investigated. A trend in postoperative hearing gain in favor of non-syndromic ears 
is noted; however, a study of larger patient cohorts would be needed to possibly 
attain significance. 
The above conclusion can be evidenced by the fact that more extensive ear 
pathology is often encountered in syndromal ears; for example, BOR syndrome 
(case 14) produces not only a middle ear anomaly (a too narrow epitympanic 
space with ossicular anomalies) but also inner ear anomalies (an enlarged 
vestibular aqueduct with or without a hypoplastic cochlea). Other examples 
include cases 5 and 20, in which an abnormality of the stapes superstructure as 
well as a narrow external ear canal (necessitating a canalplasty in case 20) were 
observed. Success after surgery may depend on how extensively the middle ear 
is explored and how experienced the surgeon is in this otologic field; a fixation 
elsewhere in the tympanic space can be easily missed39, seriously impacting the 
postoperative result. In all of these syndromic cases, surgery is still considered to 
be worthwhile, although the success rate appears to be somewhat lower23. The 
surgeon may be more alert to encountering more specific middle ear anomalies 
when a patient is diagnosed with a specific syndrome, e.g., an epitympanic 
fixation is found in craniosynostosis syndromes such as Crouzon syndrome23 and 
Pfeiffer syndrome; awareness of a specific diagnosis will enhance patient 
counseling, preoperative planning and postoperative hearing expectations.
Surgery for a congenital middle ear anomaly with a mobile stapes footplate is 
an opportunity to improve the patient’s hearing level. In experienced hands, 
reconstructive middle ear surgery will generally lead to a considerable improvement 
in hearing. Otherwise, a conventional air conduction hearing aid or a Bone- 
Anchored Hearing Aid (in cases of larger air-bone gaps) remain the only options 
to relieve the hearing impairment. 
Conclusion
 
The presented surgical results for patients with a mobile stapes footplate that was 
associated with another ossicular chain are comparable to previous reports in the 
literature on this topic. In fact, the surgical outcome is satisfactory in most but not 
all cases. To achieve good social hearing, revalidation options with a hearing aid 
remain available and may further improve the sometimes limited hearing gains 
90 | Chapter 2
after surgery. A variety of anomalies challenge the experienced surgeon, requiring 
different reconstruction strategies to improve patient hearing level. Preoperative 
assessment is mandatory to search for syndromal diagnoses, which might be 
important for patient counseling and prognosis.
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Congenital oval or round window anomaly 
with or without abnormal facial nerve course: 
Surgical results for 15 ears
Thomeer HGXM
Kunst HPM
Verbist BM 
Cremers CWRJ
Otol Neurotol. 2012, in print 
Abstract 
Objectives: To describe the audiometric results in a consecutive series of patients 
with congenital ossicular chain aplasia (class 4a) or dysplasia of the oval and/or 
round window (class 4b), which might include a possible anomalous course of the 
facial nerve.
Study Design: Retrospective chart study.
Setting: Tertiary referral center.
Patients: A tertiary referral center study with a total of 14 patients with congenital 
minor ear anomalies as part of a consecutive series (n=89) who underwent 
exploratory tympanotomies (15 ears).
Main Outcome Measures: Audiometric results.
Results: In eight of fifteen ears, ossicular reconstruction was attempted. In the 
short term (one month), there was a serviceable hearing outcome (air-bone gap 
closure to within 25 dB) in 4 ears. However, the long-term results showed 
deterioration due to an increased air-bone gap in all but one ear. No facial nerve 
lesion was observed postoperatively. 
Conclusions: Congenital dys- or aplasia of the oval and/or round window is an 
uncommon congenital minor ear anomaly. Classical microsurgical opportunities 
are rare in this group of anomalies. Newer options for hearing rehabilitation, such 
as the osseointegrated passive bone conduction devices, have become viable 
alternatives for conventional air conduction hearing devices. In the near future, 
upcoming active bone conduction devices might become the most preferred 
surgical option. In cases in which the facial nerve is only partially overlying the 
oval window, a type of malleostapedotomy procedure might result in a serviceable 
postoperative hearing level. 
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Introduction 
Congenital anomalies of the ossicular chain causing conductive hearing impairment 
are rare, even at a tertiary referral center, and the topic is rarely discussed in the 
otologic literature. Several classifications, mainly from a surgical viewpoint, of 
these anomalies have been developed over time to categorize the anomalies and 
to facilitate the analysis of the surgical outcomes1-4. The two most recent classifi-
cations are in fact based on the previously published Cremers classification5. 
According to the Cremers classification, a class 4 deformity includes aplasia 
(class 4a) or dysplasia of the oval and/or round window (class 4b), which might 
include an anomalous course of the facial nerve. Recently, we reported on class 
1-3 middle ear deformities in a large consecutive series of congenital ossicular 
chain anomalies6-8. Here, we report on class 4 anomalies found in that same 
population. Series describing class 4 congenital ossicular chain deformities are 
limited in the literature, and they mostly describe only the congenital absence of 
the oval window5, 9-11. 
A new series of patients with class 4 congenital minor ear anomalies and the surgical 
findings and hearing outcomes is reported. These results are compared with the 
outcomes documented in similarly categorized series from the literature.
Materials and Methods
Between 1986 and 2001, a total of 89 patients (107 ears) underwent surgery for a 
congenital middle ear anomaly; all of these patients were treated at the Department 
of Otorhinolaryngology of the Radboud University Nijmegen Medical Center in 
the Netherlands. Intra-operative findings were classified according to the Cremers 
classification12 of congenital middle ear anomalies, and 14 patients (15 ears 
surgically explored) were determined to have a class 4 anomaly. 
All ears, except for one (ear 14), were operated on under general anesthesia. In 
general, a transcanal approach was employed to inspect the integrity of the 
ossicular chain. Thorough inspection of the middle ear, the mobility of the malleus 
and incus was first determined. As part of the exploratory tympanotomy, in a 
small group of these ears, an aplasia or absence of the oval and/or round window 
niche was encountered in some cases. Depending on the degree of ankylosis or 
even aplasia of the footplate and possible caudal displacement of the facial nerve 
or the absence of the round window niche, a type of malleostapedotomy was 
performed.
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Figure 1   Spectrum of imaging findings in oval window atresia
 
(A,B) ax CT case 8 : a slit-like oval window (arrow) is seen with a partially overlying facial nerve; 
the stapes is absent. An incudostapedotomy was performed with good outcome. (C) Axial CT 
case 12: in this case the oval window seemed absent, but was shown to be dysplastic during 
surgery. The stapes is absent and the facial nerve crosses the tympanic cavity at the expected 
level of the oval window (arrow), hereby blocking surgical access for ossicular reconstruction.  
(D) axial CT case 4 shows oval window atresia (arrowhead) associated with absence of the 
stapes, long and lenticular process of the incus and the horizontal facial nerve canal. The chorda 
tympani canal is prominent (not shown). The dysplastic incus may be fused to the lateral 
epitympanic wall (arrow). (E,F) axial and coronal CT case 15: a dehiscent, lowlying facial nerve 
overhangs the stenotic oval window (arrow). The stapes superstructure is present, but oriented 
posterolaterally towards the pyramidal eminence (arrowhead). The round window niche is slightly 
narrowed (asterisk), but the round window membrane is present.
Preoperative pure tone averages (PTA) at 0.5, 1, 2 and 4 kHz for air conduction 
(AC), bone conduction (BC) and the air-bone gap (ABG) were compared with 
corresponding postoperative values. The postoperative reference mean hearing 
thresholds were measured at the one-year follow-up. The postoperative bone 
conduction values were accepted as the preoperative bone conduction levels to 
calculate the preoperative air-bone gap unless the postoperative bone conduction 
hearing level was worse. 
Results
The study population consisted of 6 males (7 ears) and 8 females (8 ears). The 
mean age at surgery was 20 years (7 to 48 years). In 8 of the 14 patients, an 
ossicular chain disorder was identified as unilateral, and in 6, it was bilateral. Ear 
anomalies were categorized according to the Cremers classification as follows 
(n=15): 5 ears were categorized as class 4a, and 10 ears were categorized as 
class 4b anomalies. Twelve of the 14 patients underwent preoperative high-reso-
lution Computed Tomography (CT) of the temporal bone. Seven of these scans 
(n= 13 ears) were available for review. They showed an absence of the oval 
window in 10 ears (8 were surgically confirmed) with concomitant ossicular 
anomalies and an aberrant course of the facial nerve. Ossicular anomalies 
consisted of an absence of the long and lenticular process of the incus (n = 3) 
and aplasia or dysplasia of the stapes (n = 10) (Figure 1A-F). A low-lying tympanic 
segment of the facial nerve was observed in 10 ears. The absence of the horizontal 
segment with an enlarged chorda tympani was present in 1 patient. (Figure 1D). 
The dehiscence of the facial nerve could not be readily assessed because coronal 
scans were missing in 5 out of 7 patients. The round window membrane was 
present in all ears. Different surgical interventions were performed depending on 
the encountered anomaly (Table 1). In 7 ears (case 9-15), no reconstruction was 
performed due to the severity of the aberrant course of the facial nerve, the 
complete absence of the oval window or an inability to visualize the round window. 
The individual outcomes after surgery are illustrated in Table 2. The mean length 
of the audiological follow-up was 115 months (range, 12-226 months). In two 
cases (ears 2 and 3), a class 4a anomaly (the oval window was absent) was 
observed, and a novel oval window was drilled out. In a third case, however (ear 
10), an attempt to create a novel oval window could not be easily performed due 
to a thick bone that was encountered during drilling. In this case, the surgeon 
stopped the surgery, and no ossicular chain reconstruction was performed. In 6 
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Table 1  Class IV anomalies (1986-2001)
Ear Incus Malleus OW/RW Other Reconstruction Class Syndrome Year of  
operation
1 saved saved RW slitlike/aplasia incudostapedotomy 4A NA 1987
2 removed saved OW absent absence incus' long 
process 
Neo-OW, chordo-stapedotomy 4A BOR 1990
3 saved saved OW absent malformed ossicles Neo-OW, chordo-stapedotomy 4A NA 1994
4 removed removed N.VII partial overlying OW 75% overlying N.VII Malleostapedotomy 4B NA 2000
5 absent removed stapes-superstructure  
against facial nerve
malformed ossicles homologue malleus head, 
on top of stapes
4B Treacher Collins 1990
6 saved saved N.VII total overlying OW malleostapedotomy 4B NA 1999
7 saved saved N.VII partial overlying OW monopodal stapes incudostapedotomy 4B NA 1999
8 saved saved N.VII partial overlying OW 75% overlying N.VII incudostapedotomy with canalplasty 4B BOR 2001
9 dysplastic hypermobile RW slitlike/aplasia no reconstruction 4A BOR 1988
10 absent saved OW aplasia bone too thick, aborted no reconstruction 4A NA 1992
11 saved saved N.VII total overlying OW LSCC dehiscence removal of bony  epitympanic plate 4B Saethre-Chotzen 1998
12 saved saved N.VII total overlying OW no reconstruction 4B NA 1998
13 saved saved N.VII total overlying OW no reconstruction 4B BOR 2001
14 saved saved N.VII total overlying OW  no reconstruction 4B NA 2001
15 saved saved N.VII total overlying OW no reconstruction 4B NA 1999
 
OW: oval window; RW: round window; N.VII: facial nerve; LSCC: lateral semicircular canal;  
NA: not applicable; gain in air conduction and perceptive hearing loss is 1 year postoperative; 
non-reconstructed cases start with type 4A, then type 4B
* during revision obliteration OW and luxation piston, no reconstruction possible
 explorative tympanotomy under local anaesthesia
 some weeks postoperative otitis media: total hearing loss, resulted in deaf ear.
 same patiënt as ear 6, whereas here the left ear is issued
 lateral semicircular canal dishiscence
 lateral semicircular canal dishiscence
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Table 1  Class IV anomalies (1986-2001)
Ear Incus Malleus OW/RW Other Reconstruction Class Syndrome Year of  
operation
1 saved saved RW slitlike/aplasia incudostapedotomy 4A NA 1987
2 removed saved OW absent absence incus' long 
process 
Neo-OW, chordo-stapedotomy 4A BOR 1990
3 saved saved OW absent malformed ossicles Neo-OW, chordo-stapedotomy 4A NA 1994
4 removed removed N.VII partial overlying OW 75% overlying N.VII Malleostapedotomy 4B NA 2000
5 absent removed stapes-superstructure  
against facial nerve
malformed ossicles homologue malleus head, 
on top of stapes
4B Treacher Collins 1990
6 saved saved N.VII total overlying OW malleostapedotomy 4B NA 1999
7 saved saved N.VII partial overlying OW monopodal stapes incudostapedotomy 4B NA 1999
8 saved saved N.VII partial overlying OW 75% overlying N.VII incudostapedotomy with canalplasty 4B BOR 2001
9 dysplastic hypermobile RW slitlike/aplasia no reconstruction 4A BOR 1988
10 absent saved OW aplasia bone too thick, aborted no reconstruction 4A NA 1992
11 saved saved N.VII total overlying OW LSCC dehiscence removal of bony  epitympanic plate 4B Saethre-Chotzen 1998
12 saved saved N.VII total overlying OW no reconstruction 4B NA 1998
13 saved saved N.VII total overlying OW no reconstruction 4B BOR 2001
14 saved saved N.VII total overlying OW  no reconstruction 4B NA 2001
15 saved saved N.VII total overlying OW no reconstruction 4B NA 1999
 
OW: oval window; RW: round window; N.VII: facial nerve; LSCC: lateral semicircular canal;  
NA: not applicable; gain in air conduction and perceptive hearing loss is 1 year postoperative; 
non-reconstructed cases start with type 4A, then type 4B
* during revision obliteration OW and luxation piston, no reconstruction possible
 explorative tympanotomy under local anaesthesia
 some weeks postoperative otitis media: total hearing loss, resulted in deaf ear.
 same patiënt as ear 6, whereas here the left ear is issued
 lateral semicircular canal dishiscence
 lateral semicircular canal dishiscence
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cases (ears 6, 11-15), a total overlying facial nerve obstructing the oval window 
area was noted: in one case (ear 6), a malleostapedotomy was performed. 
Nevertheless, a disappointing air-bone gap of 46 dB remained (Table 2). 
Furthermore, an acquired cholesteatoma postoperatively necessitated revision 
surgery, compromising the audiometric outcome. In another case (ear 11), only 
removal of epitympanic bony fixation of the ossicular chain was performed 
without any ossicular reconstruction. In 3 cases (ear 4, 7-8), a partial overlying 
facial nerve was observed. Two cases underwent an incudostapedotomy (ear 7 
and 8), and one received a malleostapedotomy (ear 4). The audiometric outcome 
was satisfactory one month postoperatively; however, long-term follow-up 
showed hearing deterioration in case 4. A re-exploratory tympanotomy revealed 
that this was due to obliteration of the footplate and a broken malleus handle after 
malleostapedotomy. In one case (ear 7), total hearing loss occurred several 
weeks postoperatively due to a concomitant otitis media (Table 2). In the last 
operated ear (case 8), a successful hearing outcome was reported after 12 
months of follow-up.
In Figure 2 the postoperative audiometric results are highlighted in another way: 
the individual hearing outcomes are shown, according to the Amsterdam Hearing 
Evaluation Plots (AHEPs) 1 year postoperatively12. Figure 2A shows that one 
patient had a postoperative total sensorineural hearing loss (ear 7), and one had 
sensorineural loss of more than 10 dB (ear 2). Only one out of eight operated ears 
showed a closure of the air-bone gap to within 20 dB (ear 8, Figure 2B). 
A syndromal diagnosis was made in 6 out of 15 ears (40%). In 4 ears (2, 8-9 and 
13), branchio-oto-renal syndrome (BOR) was found. Two other syndromes - 
Treacher Collins syndrome and Saethre Chotzen syndrome - were diagnosed in 2 
other ears (5 and 11). In three of these syndromal cases (ears 2, 5 and 8), 
exploratory tympanotomy was performed with variable audiometric outcomes 
(Table 2). 
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Figure 2   Bone conduction 1-year postoperatively, according to the 
Amsterdam Hearing Evaluation Plots (AHEPs) 
 
A:  The two dotted diagonal lines enclose the area within bone conduction that changed less than 
10 dB. A case located above both diagonal lines is defined as iatrogenic cochlear damage. 
One ear had total sensorineural hearing loss 3 weeks after the exploratory tympanotomy due to 
an acute otitis media (ear 7); BC: bone conduction; dB HL: decibel hearing level. 
B:  The horizontal axis represents the postoperative change in air conduction, and the vertical axis 
represents the preoperative air-bone gap. The solid diagonal line indicates the total closure of 
the gap between preoperative air conduction and bone conduction. Consequently, every point 
below the diagonal solid line indicates a gain in air conduction that is larger than onewould 
expect from the preoperative air-bone gap (overclosure). An unsatisfactory operation result is 
defined as a negative change in the air conduction threshold or a change in air conduction that 
was not sufficient to close the gap between the postoperative air conduction and the 
preoperative bone conduction to 20 dB or less. The latter result is represented by every point 
above the dotted line. ABG: air bone gap.
A
B
Discussion
In this series of 14 patients (15 ears), class 4 congenital middle ear anomalies5 
were encountered during exploratory tympanotomy; the available imaging 
findings, surgical findings and outcomes are reported. The results show that a 
closure of the air-bone gap to within 20 dB was achieved in only one out of eight 
of the reconstructed ossicular chains (ear 8) (Figure 2B). Interestingly, only one 
case with a good postoperative result (ear 8) had a syndrome (BOR) in contrast 
with the other reports where a syndromal (branchiogenic and craniosynostosis) 
diagnosis might act as a negative influence6, 13. Disappointingly, one out of these 
eight ears also exhibited total sensorineural hearing loss 3 weeks after the 
exploratory tympanotomy due to concomitant acute otitis media (ear 7). In the 
non-reconstructed cases (ears 9-15), no deterioration of the perceptive hearing 
level was encountered after follow-up. The reasons for stopping the operation 
without surgical repair included the complete absence of the oval window, non-
visualization of the round window or a facial nerve blocking surgical access to the 
oval window region.
Preoperative CT images revealed an association between oval window atresia, an 
aberrant facial nerve course and ossicular dysplasia in all available scans (7 
patients, 8 ears). This is consistent with previously published radiological and 
surgical reports9, 14-19 showing a prevalence of 57-90% and 67-100%, respectively. 
It is widely accepted that this association is related to the underdevelopment of 
second branchial arch derivatives, preventing contact between the stapes and 
otic capsule, which is required to induce oval window formation. The oval window 
may be completely absent or dysplastic. In the latter case, a dimple-like 
depression is observed during surgery, and a slit-like oval window is observed 
upon imaging. The correlation between the imaging results and the surgical 
findings showed an overestimation of the total atresia on CT in 3 out of 4 ears, 
which might be related to the imaging technique that was used. The spectrum of 
ossicular malformations consisted of fusion of the incus to the epitympanic wall, 
the absence of the long and lenticular process of the incus and/or the absence of 
the stapes superstructure, the posterior displacement of the stapes superstructure 
toward the pyramidal eminence and a faintly visible displaced stapes, which was 
shown to have a fibrous connection to the oval window region during surgery. 
Other anomalies described in the surgical literature include a shortened or 
crooked long process of the incus, malleo-incudal fusion, a small and rudimentary 
stapes lacking a footplate or crura, a loop-shaped stapes, an amorphous stapes 
or a stapes embedded in an uncovered facial nerve9, 16. In our series, the facial 
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nerve was either partially or completely overlying the oval window, dehiscent or 
partially absent. Other reported anomalies of the facial nerve are a bifurcated 
horizontal canal, hypoplasia and a persistent stapedial artery5, 9, 16, 20, 21. Absence 
or dysplasia of the round window was reported by the surgeon in 8 of the 13 
scanned ears. However, CT  revealed the presence of the round window 
membrane in all cases. Most likely the round window was out of sight during 
exploratory tympanotomy due to a narrowed round window niche, an inferiorly 
oriented round window niche or some soft tissue obscuring the round window 
niche. Thus, CT-imaging is a useful tool for the detection of oval window atresia 
and the identification of contra-indications or risk factors for ossicular 
reconstruction. A proper imaging protocol should be used to collect images in the 
coronal plane to evaluate the course and dehiscence of the facial nerve canal 
and the oval window anomaly. 
In the literature, only a few reports on the outcome after surgical reconstruction 
can be found of which the largest are compared to our observations5, 9-11, 16, 22-32. 
De Alarcon et al. reported on 17 patients with a pure congenital oval window 
absence. Of these, 13 underwent a reconstruction, and 9 (69% (9/13)) had 
serviceable hearing after a long-term follow-up9. Lambert et al.16 reported on 
seven patients, of which six had reconstruction. They found a long-term 
deterioration of the air-bone gap, which was also observed in the present series 
(ears 2-4 and 6). This might be due to a re-ossification of the oval window5, 9, 11, 16. 
Another report11 describes 13 cases with congenital oval window aplasia (class 
4a) in which 6 vestibulotomies were performed to create novel oval windows. In 
four patients, the air-bone gap was closed to within 20 dB; however, the follow-up 
term was not reported. A facial nerve dehiscence and other anomalies obstructing 
the oval window region were resolved with the “facial roll” technique, allowing the 
nerve to resume its former position postoperatively and to rest against the 
prosthesis. This interfered with the hearing outcome, but the details of the 
audiometric outcome were lacking. A similar case in our series (ear 6), with the 
facial nerve resting against the oval window due to total facial nerve dehiscence, 
showed a poor postoperative result. Finally, Sterkers et al.32 operated on six out 
of eight oval window aplasias that involved an aberrant course of the facial nerve. 
A neo-oval window was created and placed cranially to the facial nerve, and 
therefore, it was not on the promontorial side. The authors claimed a successful 
hearing outcome even at the long-term follow-up. 
The authors’ enthusiasm for a conventional microsurgical option has been 
tempered due to the disappointing results in this class of congenital middle ear 
anomalies. Only in cases where a partial overlying facial nerve is encountered 
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might a surgical intervention still be considered a viable option. Rehabilitation by 
percutaneous or upcoming transcutaneous semi-implantable bone conduction 
hearing devices provides good outcomes for hearing as well33 and might be the 
best alternative. Furthermore, percutaneous bone conduction devices provide a 
better hearing outcome compared with conventional air conduction hearing 
devices in patients with mainly conductive hearing impairments whose air-bone 
gap exceeds 35 dB34, which is primarily the case in patients with this type of 
congenital anomaly. In the near future, even transcutaneous semi-implantable 
active bone conduction devices are expected to be launched successfully, and 
such new options might become the most desirable solution to restore hearing in 
such ears. Reports on the surgical outcomes in class 4 congenital middle ear 
anomalies, such as the cases described in this report, emphasize the need for 
these bone conduction devices. 
Conclusion
Congenital dys- or aplasia of the oval and/or round window (niche) is an 
uncommon malformation. Disappointing microsurgical results favor other hearing 
aid options, particularly the osseointegrated bone conduction devices. 
Nevertheless, in cases where the facial nerve is only partially overlying the oval 
window, an ossicular reconstruction might still result in a serviceable postoperative 
hearing level. With high-resolution CT imaging, these congenital middle ear 
anomalies can be diagnosed, and patients eligible for surgery can be selected.
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Abstract
Objective: To report on the clinical presentation of branchio-oculo-facial 
syndrome in two patients with mutations in the TFAP2A gene (OMIM 107580). This 
TFAP2A gene was recently shown to be involved in the etiology of BOFS. The 
report is focused on the analysis of the resulting hearing impairments and their 
treatment. A review of the BOFS literature is used to provide a table with the main 
and associated features of the syndrome.
Study design: Clinical reports of two BOFS patients with mutation analyses and 
a review of the literature to provide an overview of the hearing impairments and of 
the main and associated features of BOFS.
Setting: A tertiary referral center.
Patients: Two patients with BOFS who had the diagnosis recently confirmed via 
mutation analysis.
Results: An overview of the BOFS literature is given based on clinical reports 
written in the period during which mutation analysis was not yet available for 
BOFS. Two new BOFS patients are reported, with descriptions of their mutations 
in the TFAP2A gene. Congenital conductive hearing impairments are described, 
including hearing rehabilitation and the results of ear surgery. 
Conclusion: An overview of the presence of hearing impairments in BOFS is 
given. Two de novo mutations of the TFAP2A gene are presented.  
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Introduction 
Branchio-oculo-facial syndrome (BOFS: BOF syndrome; OMIM 107580) is a rare 
autosomal dominant disorder characterized by congenital conductive hearing 
loss of branchiogenic origin. This BOFS is one of a series of syndromes that result 
in congenital conductive hearing impairment due to external and middle ear 
anomalies1. The major features of BOFS are cervical skin lesions or branchial sinus 
defects of the first and second branchial arch covered by aplastic, overlying skin.
Craniofacial symptoms include low-set ears with malformed pinnae and auricular 
pits, pseudocleft of the upper lip or cleft lip/palate and upper lip pits. Micro-
phthalmia, anophthalmia, coloboma and nasolacrimal duct stenosis are ocular 
features. Renal anomalies include agenesis, aplasia, hypoplasia or dysplasia of 
the kidneys. The majority of cases appear de novo. Candidate genes like EyA1-4, 
DACH, Six1, PACH and Sall1 have been excluded2-4. Recently, different de novo 
missense mutations in exons 4 and 5 of the TFAP2A gene were found to cause 
BOFS in four patients5. An overview based on the literature of the main and 
associated features, including the types and degrees of hearing impairment, is 
herein presented. Anomalies of the external ear canal, middle ear and inner ear 
are reported. For one patient, we present the findings and outcomes of ear 
surgery. One of the two TFAP2A gene mutations reported is novel. 
Materials and Methods
A review of the literature is given by tabulating the main and associated features 
in BOFS, and special attention is given to reporting the presence of ear anomalies 
and hearing impairments in detail. A clinical description of two new patients, 
including the accompanying two mutations in the TFAP2A gene, is also given.
Genomic DNA was extracted from blood samples of both patients and their 
parents. For the patients, all nine exons of the TFAP2A gene were amplified by 
PCR analysis and these fragments were analyzed for mutations using DNA 
sequence analysis. For the parents, only the exon in which their child had a 
mutation was analyzed in this way. 
TFAP2A consists of nine exons and encodes three different isoforms of slightly 
different sizes. These isoforms have different N-terminal ends encoded by exons 
1-3. Exons 4-9 encode the rest of the protein, which is identical in all isoforms, 
although the numbering from the A of the start codon is different. Exon 6 in all 
isoforms corresponds to exon 4 in the original paper5, suggesting a differential 
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numbering by these authors for exons 1-3. For the nomenclature of the mutations, 
we have used the Human Genome Variation Society (HGVS) guidelines6 and 
GenBank accession number NM_003220.2 for base and codon numbering. 
TFAP2A exons were amplified using AmpliTaq Gold® 360 Master Mix (Applied 
Biosystems, CA, USA). Sanger sequencing was performed using BigDye® 
Terminator v1.1 (Applied Biosystems). Ethanol-precipitated Sanger sequencing 
reactions were analyzed with the Applied Biosystems 3730xl Genetic Analyzer 
using the dedicated run module developed for use with the BigDye XTerminator® 
Purification Kit (BDX_FastSeq_50_POP7 run module). The sequence results for 
each sample were analyzed using Sequence Pilot® software (JSI, Kippenheim, 
Germany).
Images of the chromatograms detailing the variant sequences of TFAP2A are 
provided and evolutionary conservation of the variant residues is mentioned in 
Figure 1. This provides additional evidence for the pathogenic nature of the 
sequence variants. The patients or their parents signed informed consent forms. 
114 | Chapter 3
Figure 1   TFAP2A mutations and partial alignment of TFAP2A orthologue 
proteins
 
Chromatograms depicting a part of the sequence of exon 6 of the TFAP2A gene from a control 
individual and from case 1 (A) and case 2 (B). wt-TFAP2A sequences corresponding to the peaks 
in the chromatograms; heterozygous peaks are indicated. The alignment of parts of the amino 
acid sequences of the orthologue TFAP2A proteins (C) was created using ClustalW. The species 
are indicated on the left, while the mutated amino acids in the patients are indicated by the arrows 
and the corresponding codon number.
A
C
B
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Table 1   Features of Branchio-Oculo-Facial Syndrome in the literature
 
Literature Case 1 Case 2
Total 1,8-19 51 1 2
Gender 1,8-19 M:F = 25:26 F M
Chromosome testing 1,8-16,18-19 41 normal normal
Growth Retardation
Prenatal 1,8-9,12,16 17 + +
Postnatal 1,8-10,12 15 + +
Development
Normal 1,8-10,12-13,15-19 35 - -
Mild mental retardation 8-9,14,16 9 + +
Moderate-severe mental retardation 9,16 2 - -
Branchial defects
Sinus tract aplastic skin (cervical) 1,8-10,16-18 39 - -
Supra-auricular sinuses 1,8-9,11,17,19 8 - -
Hemangiomateous lesions 1,8-9,11,13 11 - -
Branchial Cyst 8,11,14-15 4 - -
Ectopic thymus (cervical) 1,8-9,11,16 9 - +
Ocular abnormalities
Nasolacrimal duct obstruction 1,8-10,14-18 34 + -
Coloboma 1,8-11,16-18 26 - +
Microphtalmia/Anophtalmia 1,8-10,16-18 25 R +
Cataract 1,8-10,18 12 - -
Hypermetropia 0 + +
Myopia 1,8-10,12-13 13 - +
Strabismus 1,8-9,18 15 - L
Telecanthus 1,8-9,12-13,18 12 + +
Upslanting palpebral fissures 1,8-9,19 7 + -
Ptosis 8-9,13-14 8 - -
Typical facial features
Long philtrum 9,12 2 - -
Short philtrum 8-9,13,17 5 + +
Flat nasal bridge 8-10,13-14,16,18-19 17 + ±
Flattened nasal tip 8-9,13-14 14 + -
Dolichocephaly 8-10 8 + -
Chin dimple 8 1 - -
Features of BOFS in the literature and in 2 new patients; present (+); absent(-); more or less  present(±); 
digits in superscript refer to references in the literature
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Table 1   Continued
 
Literature Case 1 Case 2
Auricular abnormalities
Cup ears 8-9,11 27 + +
Low-set posteriorly rotated ears 1,8-19 45 + +
External auditory canal stenosis 1,9,14,17 5 + +
(Pre-)auricular pit 8-9,13-14,16,18 17 + +
Preauricular skin tag 8 1 - -
Hearing impairment and nerve pathology
Conductive 1,8-10,14,16-17 21 + +
Sensorineural 1,8-10,14,17-19 10 - -
Facial nerve palsy 1,18 3 - -
Inner ear abnormalities 1,18-19 6 - NA
Oral, renal, genito-urinary, limb abnormalities, other
Pseudocleft 1,8-10,12-13,15-17,19 28 + -
Complete cleft lip 8-9,18 12 - +
Cleft palate 8-9,16,18 14 - +
Dental abnormalities 1,8-10,12,14,17-18 16 - -
Micrognathia 8-9,12,14,17 4 + -
High arched palate 8-10,12,17 7 - +
Renal abnormalities 1,13,15-16,18 6 - -
Genito-urinary abnormalities 1,15 3 - -
Limb-finger  abnormalities 1,8-9,14,18 12 + -
Supernumerary nipples 1,19 2 - -
Premature grey hair 8-9,12-13,18 13 - -
Aplasia cutis 10,15 2 - -
Hypertrichosis 9,14 4 - -
Dermoïd cysts
Scalp 1,8,15 5 - -
Other locations 1,9 2 - -
Features of BOFS in the literature and in 2 new patients; present (+); absent(-); more or less  present(±); 
digits in superscript refer to references in the literature
Case reports
Patient 1 
The 8-year-old girl presented here is the first child of non-consanguineous 
parents. The main features and associated features of her disease are presented 
in Table 1. Syndromal features were noted. Prenatal growth retardation was 
observed and the girl was delivered via caesarean section. Her facial features are 
shown in Figure 2.
There was a slight microphthalmia on the right side, as well as a downward 
slanting of the medial canthi, which necessitated a surgical medial canthoplasty. 
Hypertelorism (ICD 32 mm, +2SD: at 4 years of age) and a hypermetropia 
3.
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Figure 2   Clinical characteristics of patient 1
 
Frontal and lateral view of the first patient; note the typical facial appearance.
Small, malformed, posteriorly rotated ears are present in the first patient, along with a dimple in 
the right lobule.
(+1.75/+2.75) was diagnosed. Dacryocystorhinostomy of both lacrimal ducts was 
successfully performed at the age of 1 year as the result of a congenital occlusion 
of both lacrimal ducts.
The patient’s facial appearance was characterized by a flat, high forehead. Her 
head circumference was under -2 SD, and her nose was broad and flat. The 
philtrum was short with slightly fibrotic edges. The upper lip was broad and 
prominent and projected over the lower lip due to the small size of the mandible. 
A bilateral pseudocleft was present. No retro- or infra-auricular skin defects such 
as branchial sinuses were encountered, nor was ectopic thymic tissue. The 
auricles appeared small and somewhat malformed, and they protruded and were 
rotated posteriorly. At the lobule of the right ear, a “dimple” was visible (Figure 2). 
Very narrow bony external ear canals with possible ear canal atresia was observed.
No functional problems were noted during life concerning the kidneys. The blood 
and urine creatinine levels remained within normal levels (43 µmol/l and 13.9 
mmol/l, respectively). Echographic examination of the kidneys showed no 
abnormalities. During the child’s development, some mental retardation was 
noticed.
Special attention is given to report in detail on her hearing impairments. Bilaterally, 
a 60 dB conductive hearing impairment was diagnosed early on and confirmed 
with brainstem auditory evoked potentials (BAEP). Several conventional air 
conduction hearing aids were applied without success. At the age of 4, she was 
referred for a successful left-sided percutaneous bone-anchored hearing aid 
(BAHA) application. Computed tomography (CT) scans of the petrous bones 
showed narrow external ear canals, and a possible bony atretic plate with soft 
tissue at the medial end of the ear canals was visualized. A well-aerated middle 
ear and the ossicular chain were identified. An exploratory tympanotomy was 
performed. Initially, the left ear was operated on at the age of seven. The bony 
external ear canal was widened and an epitympanotomy was performed. The 
bony atretic plate in the anterosuperior part of the drum fixing the malleus, was 
removed. A monopodal, mobile stapes was discovered. The incudostapedial 
joint was intact. The new, more spacious bony external ear canal was covered 
with the original skin and completed with additional skin grafts. As part of this 
surgery, a wide conchal meatoplasty was performed. A self-cleansing, dry and 
stable ear canal was established, and the patient’s hearing level improved 
(Figures 3A and 3B). 
At the age of 8 years, a similar surgical procedure was performed on the right ear. 
A bony congenital fixation of the malleus was identified. A wide epitympanotomy 
exposing the malleus and the incus was performed. The pars tensa of the 
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tympanic membrane was present with no bony plate. The stapes was intact and 
mobile, and the incudostapedial joint was normal; no other anomalies were 
observed in the middle ear. The bony external ear canal was rather narrow at its 
origin; therefore, it was widened over its full length. The bony epitympanic fixation 
of the malleus was removed, and the malleus and incus were widely exposed to 
prevent re-fixation. Fascia was used to perform a myringoplasty, especially in the 
epitympanum. Skin grafts from the retroauricular region were thinned subcutaneously 
and used in parts to supplement the original skin in covering the widened external 
bony ear canal. Furthermore, a wide conchal meatoplasty was performed. Eight 
months of follow-up resulted in a 35-25-25-30 dB (0.5, 1, 2, 4, kHz) hearing level 
3.
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Figure 3   Pre-operative (3A) and postoperative (3B) audiometric results in 
the right and left ear of patient 1
 
Bone conduction of the right ear ([); air conduction right ear (∆); bone conduction left ear (]); air 
conduction left ear (X); hearing level in dB HL; frequencies in Hz
A
B
(Figure 3B). A self-cleansing, stable and dry external ear canal was initially 
established. Additionally, a conventional air conduction hearing aid was needed. 
Because this hearing rehabilitation was frequently accompanied by recurrent 
otitis externa of the right ear, placement of a BAHA hearing aid7 was considered 
and was recently performed.
DNA sequence analysis of the TFAP2A gene showed the heterozygous mutation 
c.707G>C (p.Arg236Pro) in exon 6, which corresponds to exon 4 in the original 
paper5. Analysis of the parental DNA revealed that this mutation occurred de 
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Figure 4   Frontal and lateral view of patient 2 illustrating clinical characteristics
 
A scar is visible on the neck as a result of ectopic cervical thymus removal, and small malformed 
posteriorly rotated ears are also notable.
novo. One hundred ethnically matched controls were screened for this novel 
TFAP2A gene variant to assess for potential pathogenicity. We did not encounter 
this variant in the controls, supporting its pathogenic nature.
Patient 2
The patient, a 17-year-old male, was diagnosed with BOFS early in life. The clinical 
features present included ectopic thymus tissue located bilaterally in the retro-
auricular region, a bilateral cleft lip and cleft palate, convergent strabismus, 
microphthalmus, ectopia lentis, iris and retinal colobomata, bilateral epicanthus, 
hypertelorism, low implanted auricles and narrow bony external ear canals (Figure 4). 
He was referred to the pediatric audiological unit at the age of one year and a 
conductive hearing impairment was obtained. Bilateral otitis media with effusion 
was treated repeatedly with grommets. Finally, some hearing impairment remained 
(Figure 5). His school career did not disclose any abnormalities. 
Ocular examination revealed a visually handicapped boy with bilateral micro-
phthalmos, bilateral microcornea (right eye 7.5 mm; left eye 9.5 mm), bilateral 
colobomata of iris and retina and unilateral ectopia lentis (subluxation of the right 
lens into infero-nasal direction). However, the lenses were clear and the intraocular 
pressures were normal. His best corrected visual acuity of the right eye was 0.2 
with correction of high myopia (S-5.0=C-1.0 axis 100°); for the left eye, it was 0.05 
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Figure 5   Audiometric results in the right and left ear of patient 2
 
Bone conduction right ear ([); air conduction right ear (∆); bone conduction left ear (]); air 
conduction left ear (X); hearing level in dB HL; frequencies in Hz
with correction of mild hypermetropia and astigmatism (S+2.0=C-1.25 axis 170°). 
Other ocular findings included strabismus (esotropia of the left eye), epicanthus 
and hypertelorism. A slight torticollis to the right side was present. His clinical 
features are also listed in Table 1. 
DNA sequence analysis of the TFAP2A gene showed the heterogeneous mutation 
C.763A>G (p.Arg255Glyc) in exon 6. Analysis of the parental DNA revealed that 
this mutation occurred de novo.
 
Review of the literature
 
Literature on BOFS is rare and diffuse. Most recently, mutations in the gene 
TFAP2A have been shown to be a causative factor. A review of 13 patients was 
performed in 19918, and 15 more BOFS patients were added in 19959. We traced 
23 additional cases from the literature. The patients presented here are listed in 
Table 1, which presents a review of the BOFS literature1, 8-19. Furthermore, all 
features mentioned are tabulated. A wide variation in observed entities and 
frequencies is noted. Since the current reports of phenotype have not been based 
on a certain genotype, the delineation of the final phenotypic description based 
on a specific genotype may still be adapted. Table 2 shows the main and 
associated features based on their frequency in these reports. If a certain feature 
is mentioned 15 times or more, we considered it to be a main feature; if it was 
mentioned 7-14 times, we ranked it as an associated feature. In the columns 
adjacent and to the right, the features of the case reports mentioned in this paper 
are presented for comparison of the clinical presentations with the literature. It 
might be stated that the clinical features in these two new patients compare 
favorably with clinically diagnosed BOFS cases previously reported in the 
literature. Milunsky et al. found a missense mutation in exon 4 and 5 of the TFAP2A 
gene in 4 BOFS patients5. Additionally, mutations were found in the TFAP2A gene 
in both patients described in this report, confirming the previous clinical diagnosis.
There are only a few reports on BOFS that include ear surgery1, 17, 19. Raveh et al. 
report on a patient with stenosis of the right external canal with a conductive 
hearing loss1. In this case, a bone conducting hearing aid (BAHA) was first 
applied for hearing revalidation. Subsequently, a canal plasty and a meatal plasty 
were performed to create an open external ear canal. At 3 years of age, the patient 
used an air conduction hearing aid. In such an application, the ear mould is used 
merely as a bone conductor. In the literature, 20 additional patients (21 in total) 
have been reported who had conductive hearing loss. Moreover, in 8 of them, a 
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Table 2   Main and associated features in patients with Branchio-Oculo-
Facial Syndrome
 
Literature Case 1 Case 2
Main features
Low-set posteriorly rotated ears 45 + +
Chromosome testing normal 41 + +
Sinus tract aplastic skin (cervical) 39 - -
Normal Development 35 - -
Nasolacrimal duct obstruction 34 + -
Pseudocleft 28 + -
Cup ears 27 + +
Coloboma 26 - +
Microphtalmia/Anophtalmia 25 R +
Conductive hearing impairment 21 + +
Prenatal growth retardation 17 + +
Flat nasal bridge 17 + ±
(Pre-)auricular pit 17 + +
Dental abnormalities 16 - -
Strabismus 15 - L
Postnatal growth retardation 15 + +
Associated features
Flattened nasal tip 14 + -
Cleft palate 14 - +
Premature grey hair 13 - -
Myopia 13 - +
Complete cleft lip 12 - +
Limb-finger abnormalities 12 + -
Telecanthus 12 + +
Cataract 12 - -
Hemangiomateous lesions 11 - -
Sensorineural hearing impairment 10 - -
Mild mental retardation 9 + +
Ectopic thymus (cervical) 9 - +
Supra-auricular sinuses 8 - -
Ptosis 8 - -
Dolichocephaly 8 + -
Upslanting palpebral fissures 7 + -
sensorineural hearing loss was noted1, 9, 14, 18. In most patients, the hearing loss 
was only mentioned as a feature, with no detailed audiometric data provided; only 
a few authors provide detailed audiometric data for specific cases1, 14, 17. In 3 
patients, including the aforementioned patient with the meatoplasty, an air 
conduction hearing aid was considered the best course of action1, 8, 9.
Discussion
 
The clinical diagnosis of branchio-oculo-facial syndrome (BOFS) in the two 
patients reported was made based on the presence of an unusual combination of 
striking features. The review presented here of the features typical for BOFS is 
shown in Table 1. The branchiogenic origin of this syndrome might suggest a 
resemblance with other branchiogenic syndromes such as the branchio-oto-re-
nal syndrome (BOR); however, BOR syndrome and BOFS are two distinct 
entities18, 20, 21. Most recently, missense mutations in exons 4 and 5 of the TFAP2A 
gene were found to cause BOFS5. Mutation analysis will help to provide a 
delineation of the phenotypes based on genotyping. Because of this, we add 
clinical data of two new patients with a mutation in the TFAP2A gene. The 
prevalence of TFAP2A gene mutations in BOFS patients is yet to be determined, 
given the small number of patients reported in the literature. To date, almost every 
BOFS patient reported in the literature is known to have a TFAP2A gene mutation. 
Further genetic research and larger cohorts of BOFS patients will be required. 
The mutation identified in patient 2, c.763A>G (p.Arg255Gly), was previously 
described5 and involves the replacement of a charged polar side chain with a 
non-polar side chain. The mutation in patient 1, c.707G>C (p.Arg236Pro), is novel 
and also involves the replacement of a charged polar side chain with a non-polar 
side chain. In the literature, it is stated that the replacement of the positively 
charged arginine with non-polar amino acids in the DNA-binding domain (R255G 
and R255W) adversely affects the capacity of the TFAP2A gene to bind DNA5, 10. 
Furthermore, Al-Dosari et al. suggest that haploinsufficiency is a reasonable 
explanation because the mutations reported are not exclusively missense10. Both 
mutations have occurred de novo and are located in the PFAM TFAP-2 domain. 
Additionally, the p.Arg236Pro mutation affects the putative protein kinase A and 
Class IV WW interaction motif domains. Therefore, the mutations are very likely to 
be pathogenic (Figure 1).
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Congenital external ear canal stenosis has been reported to be present in 5 BOFS 
patients (Table 1)1, 9, 14, 17. In our first patient, there was a bony narrowing of the 
external ear canal in the left ear, providing a soft tissue obstruction of the medial 
ear canal (Figure 2). Besides this, there was a bony atretic plate in the tympanic 
membrane that provided a bony fixation of the malleus. In the left ear, there was 
a bony epitympanic fixation of the malleus including an intact pars tensa of the 
tympanic membrane. Therefore, the anomaly in the left ear might be classified as 
a rather elegant presentation of an external ear canal atresia. The right ear 
anomaly with only a bony fixation of the malleus and a narrow bony external ear 
canal might merely be classified as a congenital anomaly of the ossicular chain. 
In the second patient, grommets have been placed repeatedly in the tympanic 
membrane. Finally, at the age of 9 years, an almost normal hearing level in the 
right ear could be observed. For the left ear, a congenital etiology for the 
conductive hearing impairment might still be present. Congenital conductive 
hearing impairment has been reported in 21 out of 51 patients1, 8, 9, 14, 18. In 2002, 
the BAHA softband system was launched, allowing a transcutaneous transfer of 
sound7. The supported hearing level with the transcutaneous system is 27 dB. For 
the percutaneous system, this value is 10-15 dB. Nowadays, we suggest starting 
with the BAHA transcutaneous softband system and replacing it around the age 
of four with the BAHA percutaneous system. Conventional ear canal and middle 
ear surgery might therefore be postponed until a later age. In our first patient, the 
parents opted to undergo surgery at the ages of 7 and 8 years rather than allow 
bilateral application of the BAHA system. The short-term outcome in terms of 
hearing level after the reconstructive surgery was, however, satisfactory (Figure 
3B). An epitympanic fixation of the malleus is described in the literature as a 
congenital anomaly of the ossicular chain22. A bony plate in the antero-superior 
part of the tympanic membrane combined with an overly narrow bony ear canal 
is also classified as a minor congenital ear anomaly23. Cremers, however, 
classified the presence of a bony atretic plate in the tympanic membrane in the 
Altmann-Cremers classification as a type 2A congenital ear canal atresia22, 24.
Alternatively, the HEAR classification might have been applied, as it also describes 
ossicular anomalies25. Tos modified the Altmann-Cremers classification in such a 
way that this specific anomaly is classified as a congenital ossicular chain 
anomaly23. Thus, the demarcation line between a congenital ossicular chain 
anomaly and a congenital bony ear canal atresia is still being debated in the 
literature.
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Conclusion
 
This report provides an updated and extensive review of the syndromic 
presentation of BOFS. Furthermore, the clinical diagnosis can be confirmed by 
mutation analysis of the TFAP2A gene. The presence of hearing impairment as a 
main feature of BOFS is elucidated. Early hearing revalidation with a BAHA 
softband and later on with a percutaneous BAHA system might be advisable. In 
addition, a surgical revalidation of the hearing level might be considered at a later 
phase in the child’s development.
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Proximal symphalangism, hyperopia, 
conductive hearing impairment, and the NOG gene: 
2 new mutations
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Abstract  
Objectives: To report on two families with proximal symphalangism syndrome 
and two new NOG gene mutations, and to report on the outcomes of exploratory 
tympanotomy.
Study Design: Retrospective chart study
Setting: Tertiary Referral Centre
Patients: A total of six patients, one of which underwent an exploratory 
tympanotomy, were examined from two families. 
Intervention: Exploratory tympanotomy in one patient
Main Outcome Measures: Medical and otological histories and postoperative 
hearing outcomes
Results: In the patient that was operated upon, the preoperative air conduction 
hearing threshold of 55 dB was reduced to 41 dB with a residual air bone gap of 
21 dB. Furthermore, DNA analysis revealed two different mutations: a heterozygous 
nonsense mutation in the NOG gene, c.391C>T (p.Gln131X), and a frameshift 
mutation in the NOG gene (NOG, c.304del (p.Ala102fs)). 
Conclusions: NOG gene mutations, which lead to aberrant noggin protein 
function, give rise to a large spectrum of clinical findings and different 
symphalangism syndromes. These syndromes are all allelic disorders within the 
Noggin phenotype spectrum. We report on two new mutations that are 
supplementary to those previously described in the literature.
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Introduction
Congenital anomalies of the ossicular chain are rare. These anomalies may be 
part of a syndrome, in which case a genetic origin is common. The required 
clinical diagnostic evaluation includes a thorough review of the patient’s clinical 
and family medical history, an otoscopy, an extensive audiometric assessment 
and the imaging of the temporal bones. It is helpful to be acquainted with the 
numerous predominantly genetic conductive/mixed hearing impairment syndromes 
and to possess the alertness to promptly recognize the sometimes minimal 
clinical features specific to these syndromes. A syndromal diagnosis might be 
made in up to 30% of well-evaluated surgical series1.
One of these remarkable syndromes is the autosomal dominant proximal 
symphalangism and congenital conductive hearing impairment syndrome. The first 
clinical report of this syndrome was from the well-known neurosurgeon Cushing 
(1916)2. The first otological reports were from Vesell(1960)3 and Strassburger(1965)4. 
The most prominent feature of this syndrome associated with proximal symphalangism 
is the result of a bony ankylosis of the proximal interphalangeal joint. 
Based on clinical criteria, several specific genetic syndromes sharing the features 
of proximal symphalangism have been identified and reported, including facioau-
diosymphalangism syndrome5 and Teunissen-Cremers syndrome6. Mutations in 
the NOG gene were found to play causative roles in all types of these syndromic 
presentations7-20. 
A series of clinical reports on families with proximal symphalangism syndrome 
and the outcomes of exploratory tympanotomies have been reported2-7, 10, 18-43. 
We report on two new families with this syndrome, their mutations in the NOG 
gene, a review of the literature and the outcome of exploratory tympanotomy. 
Patients and Methods
 
In this study, six affected patients from two families were included. Written, 
informed consent from all family members or their legal representatives was 
obtained. The medical, otological and family histories were acquired for each 
patient. In addition, data were acquired from each of the following procedures: a 
micro-otoscopy, ophthalmological investigation, a general physical examination 
and a stapedial reflex test using standard audiometric procedures and equipment. 
The procedures followed in this medical research were in accordance with the 
ethical standards of the responsible committee on human experimentation and is 
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in compliance with the principles stated in the Helsinki Declaration(2000). 
Additionally, the pure tone threshold for air and bone conduction was determined. 
In one patient (age one year), a Brainstem Auditory Evoked Potential (BAEP) and 
an otoacoustic emission (OAE) were performed. Another patient underwent a 
high-resolution computed tomographic (HRCT) scan of the temporal bones as a 
preoperative evaluation. All affected family members were examined for the 
presence of features of proximal symphalangism, facioaudiosymphalangism or 
Teunissen-Cremers syndrome including facial dysmorphism, symphalangism, 
hyperopia, broad thumbs or broad great toes, and syndactyly. Some patients 
underwent radiographic scans to search for fusion of the bones in the hands or 
feet. All clinical findings are shown in Table 1. 
 
Mutation analysis
DNA was isolated from peripheral blood lymphocytes using standard methods. 
The NOG gene was investigated using primers flanking the coding regions for 
amplification, and subsequent sequence analysis of the resulting fragments was 
performed with the BigDye Terminator kit and an ABI 3730 automated sequence 
analyzer (Life Sciences, Capelle aan de IJssel).
Dutch Family
 
A four-year-old girl (IV:1), the daughter of non-consanguineous Dutch parents 
(Figure 1A), demonstrated bilateral conductive hearing impairment. The results of 
neonatal hearing screening tests (OAE) were normal. Grommets were inserted at 
the age of nine months due to recurrent otitis media, which persisted through the 
first 2-3 years. During clinical examination, slight facial dysmorphisms, especially 
a small nose with under-projection of the nasal tip, a short columella and a sloping 
forehead, were noticed (Figure 2A). At the age of 4.2 years, an audiogram showed 
bilateral conductive hearing impairment; the calculated pure tone averages for air 
conduction (0.5-1-2-4 kHz) were 53 dB and 43 dB for the right and left ears, 
respectively (Figure 4A). The pure tone average for bone conduction (0.5-1-2-4 
kHz) was 8 dB for both ears. An HRCT scan of the petrous bones revealed no 
inner ear anomalies or anomalies of the internal acoustic canal, though a well 
aerated mastoid and an intact ossicular chain were seen. Ophthalmologic 
investigation showed bilateral hyperopia (+2.75/+2.25). Genetic analysis revealed 
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that she is a heterozygous carrier of a nonsense mutation in the NOG gene, 
c.391C>T (p.Gln131X).
The one-year-old younger sister (IV:2) proved to be clinically affected as well. She 
was referred for otological and audiological examinations due to her family history 
of hearing impairment. By general inspection, no facial dysmorphisms, broadened 
thumbs or anomalies of the feet were discovered. Otoscopic examination revealed 
serous otitis media. Medical and neurological investigations were unremarkable. 
Free Field Audiometry (FFA) showed a bilateral conductive hearing loss around 
60 dB with a bone conduction threshold of 15 dB. Following grommet insertion, 
the hearing threshold was improved to 30 dB. Ophthalmologic investigation 
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Figure 1   Dutch (A) and Turkish (B) family pedigree
 
Squares represent men, circles represent women. A Solid symbol indicates a patient that is 
clinically affected and is a mutation carrier; an Open symbol indicates a patient that is clinically 
unaffected. The proband is marked with an arrow. The generation is indicated in the symbol 
legend.
A
B
showed bilateral hyperopia (+6/+6). DNA analysis confirmed this patient was 
also a heterozygous carrier of the same familial nonsense mutation in the NOG 
gene (c.391C>T (p.Gln131X)).
The mother (36 years, III:3) of the aforementioned children accompanied her 
oldest daughter when she was taken to the Pediatric Otolaryngology clinic to 
undergo analysis for a suspected persistent hearing impairment. The mother 
underwent bilateral stapedotomies at the ages of six and twelve to treat what was 
thought to be juvenile otosclerosis. Both surgical interventions were successful. 
In addition to these procedures, she underwent facial plastic surgery for aesthetic 
correction of her nose at the age of 18. Various facial dysmorphisms were seen 
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Figure 2   
 
A, Affected girl, aged 4 years (IV-1,Dutch family). Note the small, round nose with short collumella. 
B, Proximal symphalangism of digit V of the right hand of the 43-year-old man (Turkish family, II:1). 
C and D, Affected woman, aged 69 years (II-7, Dutch family). Note the sloping forehead, nose 
abnormalities and bilateral partial syndactyly of the toes (digit II and III) with bilateral broad great 
toes
A B
C D
during clinical examination, including a sloping forehead, broad thumbs, bilateral 
proximal interphalangeal (PIP) joint fusion of the fifth digit and bilateral and partial 
syndactyly of the toes (digit II and III) with bilateral broad great toes. A postoperative 
audiogram showed mild, mixed hearing loss in both ears; the pure tone averages 
for air conduction (0.5-1-2-4 kHz) were 25 dB and 22 dB in the right and left ears, 
respectively. The pure tone averages for bone conduction were 13 dB and 20 dB 
in the right and left ears, respectively (Figure 4B). The patient wore glasses for 
bilateral severe hyperopia (+4.75/+5.25). DNA analysis revealed the presence of 
the same novel mutation of the NOG gene discovered in the two daughters, 
c.391C>T (p.Gln131X).
Case 4 (II:7) is the 69-year-old grandmother of the proband. As a child, she 
reported minor complaints regarding left-sided hearing impairment. During 
clinical examination, various facial dysmorphisms were seen, including a sloping 
forehead, hypertrophic nasal dorsum, a sharp nasolabial angle, a retracted alar 
margin and bilateral partial syndactyly of the toes (digit II and III) with bilateral 
broad great toes (Figure 2C and 2D). Neither broadened thumbs nor proximal 
interphalangeal (PIP) joint fusion were observed. The patient wore glasses for 
severe bilateral hyperopia (+5.75/+5.25). An audiogram showed unilateral mixed 
hearing impairment of the left ear; the pure tone averages for air conduction 
(0.5-1-2-4 kHz) were 23 dB and 35 dB in the right and left ears, respectively. The 
pure tone averages for bone conduction were 23 dB and 28 dB in the right and 
left ears, respectively (Figure 4C). DNA analysis confirmed the presence of the 
same mutation in the NOG gene c.391C>T (p.Gln131X) that was present in her 
daughter and grandchildren.
Turkish Family 
A 43-year-old man (II:1), the proband, was referred to the pediatric Otolaryngology 
clinic for otological analysis and audiometric investigation as a result of hearing 
impairment. Further clinical examination demonstrated a face that was slightly 
dysmorphic, with a broad nasal bridge, ptosis, thin upper lip and asymmetry of 
the mouth. Obvious bilateral restricted movement of the PIP joints of the fifth 
fingers was observed (Figure 2B). Bilateral broad thumbs were observed. 
Ophthalmologic investigation revealed severe hyperopia (+6/+9). Audiometric 
testing showed pure tone average thresholds of air conduction of 53 dB and 37 
dB in the right and the left ears, respectively. The bone conduction thresholds 
were 23 dB and 27 dB for the right and left ears, respectively (Figure 4D). Plain-film 
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radiography of the hands demonstrated ankylosis of the PIP joints of the fifth 
finger (Figure 3).
Previously, stapes fixation was diagnosed in the USA and a stapedotomy 
procedure was proposed. However, the patient declined out of fear of possible 
inner ear complications. The syndromal diagnosis of both him and his daughter 
had been clarified and explained. The origin of the mainly conductive hearing 
impairment made it possible for stapes surgery to have a successful outcome. 
Additionally, the possession of optimal hearing is important in his profession. 
After some hesitation, the patient finally agreed to undergo an exploratory 
tympanotomy with stapes surgery. 
At the age of 43, surgical intervention was performed at the right ear and revealed 
ankylosis of the stapes footplate and presumptive fixation of the short process of 
the incus. After the partial stapedectomy and before interposition, the mobility of 
the long process of the incus was normal in the medial direction and somewhat 
limited in the lateral direction. The posterior half of the footplate was removed 
after vaporization of the posterior crus, using a KTP(Potassium Titanyl Phosphate)–
laser and removal of the anterior crus. In other words a partial stapedectomy was 
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Figure 3   Proximal symphalangism of digit V bilaterally in an affected 
43-year-old man (II:1, Turkish family)
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Figure 4   Patients pre- and postoperative audiograms
 
A  an affected four-year-old girl (IV:1, Dutch family) 
B   30 years follow up of an affected 36-year-old woman (III:3, Dutch family) 
with history of bilateral stapedotomies at the ages of six and twelve 
C  an affected 69-year-old woman (II:7, Dutch family) 
performed instead of a regular incudostapedotomy. In the past a bony re-closure 
of the footplate had caused a lateralized piston and dislocated the previous 
interposition of the stapes piston26. A Teflon platinum piston (Fisch type; Richards; 
shaft length 5.25 mm; diameter 0.4 mm) was interposed onto the long process of 
the incus. After fixing the piston, a satisfactory mobility of the reconstructed 
ossicular chain was obtained. Nevertheless the mobility of the long process of 
the incus was not limited in its medial movement to the promontory, though 
somewhat limited in its lateral outwards mobility. The surgeon encountered this 
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Figure 4   Continued
 
AC, air conduction; BC, bone conduction; Hz, Hertz
D  preoperative situation of an affected 43-year-old man (II:1, Turkish family) 
E   postoperative audiogram (4 months follow up) of an affected 43-year-old 
man (II:1, Turkish family) performed after stapedotomy of the right ear 
phenomenon in a few surgical cases associated with this syndrome in the past, 
having a combination of a congenital stapesankylosis combined with a fixation of 
the short process in the fossa incudis. In the past this had been solved during the 
same surgical session by combining the transcanal stapes replacement surgery 
with a transmastoid antrostomy. This way the bony fixation of the short process of 
the incus could be removed. The results of this incudostapedotomy were preferred 
this time over performing a transmastoid antrostomy to explore the fossa incudis 
or performing a transmastoidal malleostapedotomy. This was motivated by the 
fact that the patient was an international University teacher who declined to 
stapes surgery elsewhere in the past (USA) due to fear for further deterioration of 
hearing impairment after surgery. Although an enormous improvement of the 
hearing level could be expected after reconstruction of the ossicular chain which 
was confirmed later on by the surgical outcome (Figure 4E). A mixed hearing 
impairment remained with a 20dB conductive component. This was well supported 
by the application of a light air-conduction hearing aid providing a much better 
social hearing than preoperatively.
The preoperative air conduction hearing threshold of 55 dB (mean value at 0.5, 1, 
2 and 4 kHz) was reduced to 41 dB, with a residual air bone gap of 21 dB (Figure 
4D and 4E). DNA analysis demonstrated a heterozygous frameshift mutation in 
the NOG gene, c.304del (p.Ala102fs). This mutation has not been described 
before. The mother of the proband (not examined) (I:1) was reported to have a 
history of hearing impairment, hyperopia and symphalangism. Unfortunately, 
there was inadequate information to describe this case separately. 
The one-year-old girl (III:1) of the proband (II:1), was referred for analysis of 
hearing function due to the family history of her father. Parts of the pedigree are 
shown in Figure 1B. Her pregnancy was said to be uneventful, and she was born 
by caesarean section. Facial dysmorphisms and a bilateral absence of the palmar 
flexion creases of the proximal interphalangeal joints of the fifth fingers were 
recently discovered. Otological and audiometric tests were performed to screen 
for the presence of a hearing impairment. Screening tests were normal, and 
because a standard tone audiometric test could not be performed due to the 
young age of the patient, Brainstem Auditory Evoked Potential (BAEP) and 
Otoacoustic Emission (OAE) tests were performed. The patient’s BAEP showed 
normal thresholds for the higher frequencies. Good emissions during the OAE 
test were noted at high frequencies; however, no emissions were obtained at low 
frequencies. Over time, pediatric audiological care will be administered to more 
precisely evaluate her hearing function. Ophthalmological testing was not 
performed, and radiographic pictures were not taken. Genetic testing revealed 
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the presence of the same frameshift mutation in the NOG gene (NOG, c.304del 
(p.Ala102fs)) that was detected in the affected father. The overall results of the 
clinical and genetic investigations are summarized in Table 1.
Discussion
The clinical characteristics of two new families (one Dutch and one Turkish) were 
described. The clinical features that were demonstrated included proximal 
symphalangism in one of the fingers, broad thumbs, syndactyly of the toes, 
hyperopia, typical dysmorphic facies and conductive hearing impairments as a 
result of congenital anomalies, especially of the stapes. The patients described 
showed varying degrees of severity in phenotypic expression (Table 1). However, 
the most commonly noted phenotypes were proximal symphalangism (4/6), 
hyperopia (5/6), facial dysmorphism (5/6) and conductive hearing impairment 
(6/6). Hyperopia was present in all tested members in both families. 
The syndrome of proximal symphalangism and congenital stapes ankylosis was 
originally described as proximal symphalangism syndrome2. Table 2 shows the 
clinical features of similar syndromes, such as Teunissen-Cremers syndrome6 
and facioaudiosymphalangism5 syndrome, and presents an overview of the 
pathologies originating from the same NOG gene but with different clinical 
entities. 
In 1999, Ensink, et al. described patients with Teunissen-Cremers syndrome with 
proximal symphalangism and congenital stapes ankylosis. Stapedotomy led to 
an improvement of conductive loss, but conditions eventually worsened and 
re-exploration was performed26. The lateralized piston was considered to be due 
to a bony re-closure of the footplate. To avoid the recurrence of a bony footplate 
after a stapedotomy procedure, a partial platinectomy has been proposed as an 
alternative option20, 26. This option was pursued in one of our patients (II:1).
In the Dutch family, three different generations possessed an affected member. 
The repeated transmission of the mutation from one generation to the next is in 
accordance with autosomal dominant inheritance. All affected members were 
heterozygous carriers of the mutation. The mutation that was identified in the 
Turkish family has not been described before. The c.304del (p.Ala102fs) mutation 
leads to a frameshift after residue Ala102 and a subsequent stop codon 22 amino 
acids further downstream. Because the NOG gene consists of only one coding 
exon, the resulting mRNA escapes nonsense-mediated decay and may lead to 
3.
2
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the production of an aberrant protein. Other previously described mutations of 
the NOG gene in patients with these types of syndromes include missense, 
nonsense and frameshift mutations, as well as (small) deletions and insertions7, 8, 
10-20. In Table 3, we present an overview of the mutations described in the 
literature. For autosomal dominant gene mutations, such as those in the NOG 
gene, two mechanisms can be envisaged to be involved. Either haplo-insufficiency, 
leading to an aberrant gradient during development, or a dominant negative 
effect of the defective protein could be possible causes of the clinical symptoms. 
According to the literature, the NOG gene has an important role in joint formation 
and bone development44-46. It encodes the polypeptide noggin, which is 
expressed at multiple sites. Noggin interacts with several proteins, including Bone 
Morphogenetic Protein.
We discovered similar clinical features in two distinct families that could be 
classified with different syndromes, such as Teunissen-Cremers6, facioaudio-
symphalangism5 and proximal symphalangism33. The etiologic disorder they 
have in common is the NOG gene mutation, which was unknown at the time the 
syndromes were initially described. Increases in genetic and cellular research 
have revealed a role for noggin in all of the aforementioned syndromes. 
Conclusion
 
NOG gene mutations, which lead to aberrant functions of the noggin protein, give 
rise to a large spectrum of clinical findings and different symphalangism 
syndromes. These mutations are all allelic disorders within the Noggin phenotype 
spectrum. In one of the reported patients, reconstructive ear surgery resulted in a 
significant improvement in hearing threshold. A bony closure of the vestibular 
opening after stapedotomy is reported in this syndrome; therefore, a partial 
platinectomy might be considered. Conservative therapies, including hearing aid 
fitting, are good alternatives. Mutations of the NOG gene should be considered in 
the setting of familial conductive hearing loss. 
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Mixed hearing loss, mental retardation, 
facial anomalies and otological aspects: 
a new autosomal recessive syndrome (ANKH)
Thomeer HGXM
Morava E
Verbist BM
Cremers CWRJ
Submitted
Abstract 
Objectives: To report the hearing impairment in a new autosomal recessive 
metabolic disorder due to a mutation in the ANKH gene and to report the outcomes 
of exploratory tympanotomy.
Study Design: Retrospective chart study
Setting: Tertiary referral center
Patients: One large consanguineous family was examined. Three patients 
underwent exploratory tympanotomy. 
Intervention: Exploratory tympanotomies in three patients
Main Outcome Measures: Medical and otological histories; postoperative hearing 
outcomes
Results: In the patients who received tympanotomies, a postoperative hearing 
gain of between 5 and 20 dB was noted, with a residual air-bone gap of between 
6 and 35 dB (follow-up between 4-67 months). The sensorineural component of 
the hearing impairment varies greatly, between 4 and 23 dB, and this factor might 
also affect the final hearing outcome.
Conclusions: Exploratory tympanotomy can significantly improve the hearing 
outcome in patients with this syndrome. Based on anatomical findings, a 
congenital origin for the ossicular chain anomaly seems likely. It remains unclear 
whether the sensorineural component of the hearing impairment is progressive 
and this should be investigated further. 
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Introduction
Congenital minor anomalies of the ossicular chain of the ear are rare. These 
anomalies may occur as part of a syndrome, and they are frequently genetic in 
origin. The clinical diagnostic evaluation of these anomalies usually includes a 
thorough clinical and family medical history, an otoscopy, an extensive audiometric 
assessment and computer tomography (CT) of the temporal bones. Reports of 
the outcomes of exploratory tympanotomies and attempts to improve the hearing 
level by surgery, have been valuable. A previous inflammation of the middle ear or 
otosclerosis are more common middle ear pathologies and may mimic a 
congenital origin of the ossicular chain anomaly in their clinical presentation. An 
awareness of the many genetic conductive/mixed hearing impairment syndromes, 
along with their sometimes minimal but specific clinical features, will increase 
clinicians’ abilities to recognize the syndrome involved. A syndromal diagnosis 
was made in up to 30% of patients in a well-evaluated surgical series of congenital 
minor ear anomalies2. Peculiar examples of syndromes associated with minor 
syndromal features and a conductive hearing impairment due to a congenital 
ossicular chain anomaly include multiple synostosis syndrome7, proximal 
symphalangism syndrome12 and Keutel syndrome4,11. More than 70 other genetic 
syndromes have been reported to feature concomitant conductive hearing 
impairment due to a congenital ossicular chain anomaly4. One of these syndromes 
is craniometaphyseal dysplasia (CMD),which features, among others stapes 
ankylosis in association with another ossicular fixation1. The genetic mutation 
responsible for this syndrome lies in the ANKH gene9. Interestingly, it is still 
unclear whether the ossicular anomaly in this disease is acquired as a result of 
progressive bone formation leading to ossicular fixation or if it is congenital (in 
these syndromal patients the bony fixation is present at birth).
Here, we provide a detailed report of the hearing impairment and the outcomes 
of ear surgery in patients from a multi-consanguineous family with a novel 
autosomal recessive metabolic disorder due to a mutation in the ANKH gene. This 
new clinical and genetic entity was reported recently8. Here, the otological and 
audiological data from this family will be presented in detail, including a discussion 
of whether the hearing impairment might be congenital, acquired or both. 
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Patients and Methods
 
In this study, we examined the hearing impairments of different family members 
from one large, multi-consanguineous family of Turkish descent, based on their 
genotypic and clinical data. This family, from eastern Turkey, contains two 
consanguineous marriages that both produced offspring (Figure 1). Consanguinity 
was apparently not uncommon in their isolated area of origin. Only family 
members presently living in the Netherlands were available for this clinical genetic 
family study, which included the hearing evaluations. Written, informed consent 
was obtained from all family members or their legal representatives. Three 
affected family members underwent exploratory tympanotomies. Because two 
sisters (VI:8 and VI:10) and their aunt (V:10) had ear surgeries and other cousins, 
a father and his son (V:8 and VI:5), were all known to our ENT department due to 
their severe hearing impairment, we were motivated to begin an otogenetic family 
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Figure 1   Pedigree of the family with mental retardation, hearing loss, stapes 
footplate ankylosis, and altered bone metabolism
 
Individuals represented as filled symbols exhibit the syndromic phenotype with infantile onset; 
individuals represented by a half-filled symbol developed arthrosis during late adulthood. Patients 
represented with a cross (X) underwent audiological evaluation. Patient VI:5 (quarter-filled symbol) 
demonstrated a profound mixed hearing loss and speech delay. Family members V:8, V:10, V:11, 
V:12, VI:8, and VI:10 were used for homozygosity mapping8.
study. The associated physical features, especially the molecular genetic and 
metabolic features, were yet not known or detected at the start of this otogenetic 
family study. Coincidentally, the same metabolic disorder present in this family 
was being studied in another clinical research project; thus, the otogenetic and 
metabolic studies were combined to produce one larger study8. This report 
focuses in detail on the otological and audiometric data from this family, including 
the findings and outcomes of ear surgery. 
Medical, otological and family histories were acquired for each patient, and blood 
samples were collected for later genotyping from each available family member. 
Data were acquired from a micro-otoscopy and general physical examination, 
and extensive audiometric data were collected using standard audiometric 
procedures and equipment. The procedures followed were in accordance with 
the ethical standards of the responsible committee on human experimentation 
and were in compliance with the principles stated in the Helsinki Declaration(2000). 
Only one patient (VI:8) underwent a high-resolution computed tomographic 
(HRCT) scan of the temporal bones as part of a preoperative evaluation. 
Results
Table 1 shows the clinical findings and surgical outcomes for three patients in a 
Turkish family affected by a novel congenital syndrome. Most patients suffered from 
mental retardation, mixed hearing impairment, articular anomalies, dental anomalies 
and a variable degree of ossicular fixation that included stapes ankylosis8. Three 
of these patients underwent exploratory tympanotomies to address the conductive 
component of their hearing loss related to a middle ear anomaly; these findings 
are specifically outlined in this report (cases V:10, VI:8 and VI:10).
A 10-year-old girl (V:10), the daughter of consanguineous Turkish parents, was 
referred for otological and audiological care due to bilateral conductive deafness. 
Her neonatal hearing screening tests had been normal. During the clinical 
examination, a short stature, teeth anomalies and mental retardation were noted; 
arthrosis with concomitant joint pain became apparent, along with movement 
restrictions first affecting the small finger joints followed by the involvement of the 
small joints of the feet. The results from plane radiographic imaging of periarticular 
calcifications of the hip and knee are shown in Figure 2. 
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Table 1   Clinical findings in the affected family members in the Turkish family
C
as
e
G
en
d
er
A
g
e 
(y
rs
)
P
ar
tu
s
A
N
K
H
 g
en
e 
 
m
u
ta
ti
o
n
 (
L
24
4
S
)
H
ea
ri
n
g
 L
o
ss
M
en
ta
l 
re
ta
rd
at
io
n
F
ac
ia
l  
d
ys
m
o
rp
h
is
m
A
rt
h
ro
si
s/
 
jo
in
t 
p
ai
n
M
id
d
le
 e
ar
  
an
o
m
al
ie
s/
st
ap
es
 
fi
xa
ti
o
n
Ty
p
e 
o
f 
ea
r 
 
su
rg
er
y 
p
er
fo
rm
ed
F
o
llo
w
 u
p
 (
m
th
s)
Im
p
ro
ve
m
en
t 
 
h
ea
ri
n
g
 le
ve
l*
  
   
 
Turkish family
right ear left ear right ear left ear right ear left ear 
V:10 F 11 normal homozygous Mainly conductive 
(bilateral)
yes yes yes yes Incudo- 
stapedotomy
Incudo- 
stapedotomy
40 24 17 16
VI:10 F 8 normal homozygous Mainly conductive 
(bilateral)
yes yes yes yes Incudo-
stapedotomyº
Incudo-
stapedotomyª
36 4 20 5
VI:8 F 14 normal homozygous Mixed hearing  
impaiment (bilateral)
yes none yes yes Malleo- 
stapedotomy^
na 67 na 7 na
Non-operated affected, homozygous family members8
V:1 F 47 na homozygous Mainly conductive 
(bilateral)
yes yes yes - - - - - - -
V:2 F 45 na homozygous Mixed hearing  
impaiment (bilateral)
yes yes yes - - - - - - -
V:8 M 29 normal homozygous Mixed hearing  
impaiment (bilateral)
yes yes yes - - - - - - -
na: not available; audiometric results expressed in decibel (dB) 
* mean hearing level improvement: PTA 0.5-4 kHz
º  before an endaural epitympanotomy (releasing the bony fixation of the malleus) with a bony 
canal plasty was performed
ª during first stage surgery the bony epitympanic fixation was released and the ear drum was 
reconstructed, in second stage incudostapedotomy was performed
^ before a canalplasty with an epitympanotomy was done
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Table 1   Clinical findings in the affected family members in the Turkish family
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Turkish family
right ear left ear right ear left ear right ear left ear 
V:10 F 11 normal homozygous Mainly conductive 
(bilateral)
yes yes yes yes Incudo- 
stapedotomy
Incudo- 
stapedotomy
40 24 17 16
VI:10 F 8 normal homozygous Mainly conductive 
(bilateral)
yes yes yes yes Incudo-
stapedotomyº
Incudo-
stapedotomyª
36 4 20 5
VI:8 F 14 normal homozygous Mixed hearing  
impaiment (bilateral)
yes none yes yes Malleo- 
stapedotomy^
na 67 na 7 na
Non-operated affected, homozygous family members8
V:1 F 47 na homozygous Mainly conductive 
(bilateral)
yes yes yes - - - - - - -
V:2 F 45 na homozygous Mixed hearing  
impaiment (bilateral)
yes yes yes - - - - - - -
V:8 M 29 normal homozygous Mixed hearing  
impaiment (bilateral)
yes yes yes - - - - - - -
na: not available; audiometric results expressed in decibel (dB) 
* mean hearing level improvement: PTA 0.5-4 kHz
º  before an endaural epitympanotomy (releasing the bony fixation of the malleus) with a bony 
canal plasty was performed
ª during first stage surgery the bony epitympanic fixation was released and the ear drum was 
reconstructed, in second stage incudostapedotomy was performed
^ before a canalplasty with an epitympanotomy was done
An audiogram taken when this patient was 11 years old showed bilateral conductive 
hearing impairment; the calculated pure tone averages for air conduction 
(0.5-1-2-4 kHz) were 41 dB and 36 dB in the right and left ear, respectively. The 
pure tone averages for bone conduction (0.5-1-2-4 kHz) were 9 dB in the right ear 
and 4 dB in the left ear (Figure 3A). During the years before her surgery, this 
patient’s hearing impairment was mitigated by conventional air conduction 
hearing aids. 
When the patient was 13 years old, an exploratory tympanotomy was performed 
on the right ear to resolve the conductive loss. The procedure revealed stapes 
ankylosis with a bony fixation of the footplate. No abnormalities of the stapes 
superstructure or other parts of the ossicular chain were encountered. The chorda 
tympani was preserved. Incudostapedotomy was performed, and a Teflon 
platinum piston (Fisch type; Richards; shaft length 5.25mm; diameter 0.4mm) 
was interposed onto the long process of the incus. After fixing the piston, 
satisfactory mobility of the reconstructed ossicular chain was obtained. One year 
later, a similar procedure was performed on the left ear. Again, a stapes ankylosis 
was found, with a bony fixation of the footplate and without any other ossicular 
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Figure 2   X-ray imaging (V:10)
 
X-ray showing altered bone metabolism of the left hip (A) and knee (B) shows extensive peri-articular 
calcifications.
A B
chain anomalies. A similar Teflon platinum piston was used for incudostapedoto-
my to achieve reconstruction of the ossicular chain with adequate mobility.
The preoperative air conduction hearing threshold of 41 dB was reduced to 24 dB 
in the right ear, and the threshold of 36 dB was reduced to 20 dB in the left ear, 
with residual air bone gaps of 10 dB and 6 dB (mean of frequencies 0.5-1-2-4 
kHz),respectively (Figure 3B). The follow up was 40 months for the right ear and 
24 months for the left ear. DNA analysis demonstrated a homozygous mutation in 
the ANKH gene c.731T>C(p.Leu244Ser)8.
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Figure 3   Patients pre- and postoperative audiograms
 
AC, air conduction; BC, bone conduction; Hz, Hertz
A  pre-operative situation of an affected 10 year old girl (V:10) 
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Figure 3   Continued
 
AC, air conduction; BC, bone conduction; Hz, Hertz
B   postoperative situation (40 and 24 months follow up for right and left ear 
respectively) of an affected girl (V:10) performed after incudostapedotomy  
of the right and left ear in two separate operative settings
C   pre-operative audiogram of an affected 14 year old girl (VI:8)
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Figure 3   Continued
 
AC, air conduction; BC, bone conduction; Hz, Hertz
D   postoperative audiogram (67 months follow up) of an affected girl (VI:8) 
performed after malleostapedotomy of the right ear
E   pre-operative audiogram of an affected 8 year old girl (VI:10)
We then describe the 8-year older sister of VI:10 (VI:8), who was first seen at the 
pediatric audiological center at the age of five years (Figure 1). Grommets were 
inserted (at the age of five years) because of recurrent otitis media. The audiogram 
nonetheless showed a bilateral conductive hearing impairment. The calculated 
pure tone averages for air conduction (0.5-1-2-4 kHz) were 58 dB and 66 dB for 
the right and left ear, respectively. The pure tone averages for bone conduction 
(0.5-1-2-4 kHz) were 23 dB for the right ear and 21 dB for the left ear (Figure 3C). 
HRCT scanning of the petrous bones showed no middle or inner ear anomalies. 
No bony fixation of the ossicular chain was observed (Figure 4). During the years 
before surgery, the hearing impairment was mitigated by conventional air 
conduction hearing aids. At the age of 13 years, the patient’s parents requested 
ear surgery because her aunt (V:10) had previously undergone successful ear 
surgery. Seven months after this request was made, an exploratory tympanotomy 
was performed on the right side, revealing ankylosis of the stapes footplate and 
a likely fixation of the short process of the incus. Although the round window 
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Figure 3   Continued
 
AC, air conduction; BC, bone conduction; Hz, Hertz
F   postoperative audiogram (36 and 4 months follow up for right and left ear 
respectively) of an affected girl (VI:10) performed after canalplasty, 
epitympanotomy and incudostapedotomy of the right ear and left ear in 
two separate operative settings
appeared normal in a CT scan and the stapedial muscle appeared to be present 
(Figure 4), the round window niche could not be identified,and the stapedial 
muscle was not seen. After the stapedotomy opening was made using a microdrill 
and before interpositioning of the prosthesis, the fixed incus was removed; a 
good mobility of the malleus was encountered immediately. To complete the mal-
leostapedotomy procedure, a Kurz piston (shaft length 5.25 mm; diameter 0.4 
mm) was interposed onto the handle of the malleus. After fixing the piston, 
satisfactory mobility of the reconstructed ossicular chain was obtained. At the 
most recent postoperative audiogram (follow-up 67 months), the calculated pure 
tone average for air conduction (0.5-1-2-4 kHz) was only reduced from 58 dB to 
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Figure 4   Computed Tomography of the right ear of patient (VI:8)
 
A and B, axial and C, coronal CT of the right ear of patient (VI:8): no bony fixation of the short 
process of the incus was seen (A). The stapedial muscle appeared to be present (arrow in B). The 
oval window appeared normal (arrow in C). The round window is present, but the round window 
niche appears narrow (arrowhead in C).
A
B C
51dB for the right ear. The pure tone average for bone conduction (0.5-1-2-4 kHz) 
was 16 dB (Figure 3D), an unsatisfactory surgical outcome that left a residual 
air-bone gap of 35dB. X-rays of the hands and feet revealed periarticular and soft 
tissue calcifications (Figure 5).
The next case is the daughter of the same consanguineous Turkish couple (Figure 1) 
(VI:10), who was referred at the age of four years to the pediatric audiological 
center with a suspected bilateral conductive hearing impairment. No neonatal 
screening test was performed. Grommets were inserted elsewhere at the age of 
2 years for recurrent otitis media. She was referred to the pediatric audiometric 
center because of a suspected serious hearing impairment. Free Field Audiometry 
(FFA) showed reactions at a 60 dB hearing threshold. Brainstem Auditory Evoked 
Potential (BAEP) showed elevated thresholds of up to 60dB for the left ear and 70 
dB for the right. Based on these results, the patient was supported by conventional 
air conduction hearing aids. No HRCT scanning of the petrous bones could be 
performed due to the lack of cooperativity from the young patient. The preoperative 
pure tone average hearing thresholds were 60 dB and 55 dB for the right and left 
ear, respectively (Figure 3E). The pure tone averages for bone conduction 
(0.5-1-2-4 kHz) were 15 dB for the right ear and 19 dB for the left ear. When the 
patient was 8 years old, an exploratory tympanotomy performed on the right side 
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Figure 5   Patient (VI:8) on an X-ray of the left hand and both feet
 
(A) effusions and linear and nodular (capsular) calcifications are present at the proximal  
inter phalangeal joints as well as at the metacarpophalangeal and interphalangeal joint of digit 1. 
In (B) several nodular soft tissue calcifications are seen along the phalanges of the feet.
A B
showed a fixation of the malleus and of the stapes footplate. Using an endaural 
epitympanotomy with a bony canalplasty, the bony fixation of the malleus in the 
epitympanum was released. In addition, a stapedotomy was performed using an 
argon laser to produce the stapedotomy opening. A Teflon platinum piston (Fisch 
type; Richards; shaft length 5.0 mm; diameter 0.4 mm) was interposed onto the 
long process of the incus. After fixing the piston, satisfactory mobility of the 
reconstructed ossicular chain was obtained. The most recent audiogram in this 
patient (at the 36-month follow up for the right ear) shows a postoperative air 
conduction hearing threshold improvement of 20 dB (improved from 60 dB to 40 
dB for the right ear) with a remaining air-bone gap of 21dB (Figure 3F). 
The same ossicular anomalies were encountered in the left ear. At the age of 9, 
the patient underwent a similar procedure but required two operations as a result 
of atelectasis of the posterior part of the eardrum with a retraction into the middle 
ear cavity. This atelectasis was solved in the first surgery through a cartilage 
support of the posterior half of the tympanic membrane. During the first procedure, 
the bony epitympanic fixation was released and the eardrum was reconstructed. 
Six months later the stapes footplate fixation was operated on using a micro drill 
to perform a stapedotomy; the footplate appeared to be too thick to be perforated 
by the argon laser. A Teflon platinum piston (length 5.0 mm; diameter 0.4 mm) 
identical to that used in the right ear was used for reconstruction. The audiometric 
postoperative follow up at four months showed only minimal improvement in the 
hearing level, from 55dB to 50dB, with a residual air-bone gap of 29dB (Figure 3F). 
Although conventional air conduction hearing aids were offered to cover the 
remaining conductive hearing impairment, the patient and her parents refused 
them. After the hearing level was improved, especially in the right ear, the hearing 
impairment was considered to not pose any further problems for the patient, 
according to her parents. 
Tables 2 and 3 show the preoperative and postoperative audiometric data for 
these three family members. Additional family members were known to be clinically 
affected, as was shown later by ANKH genotype analysis. The audiometric data 
for other family members with and without the ANKH gene mutation are presented 
to further describe the audiometric phenotype present in this syndrome (Table 3). 
3.
3
New autosomal recessive syndrome (ANKH) with mixed hearing loss | 165
166 | Chapter 3
Ta
b
le
 2
   A
ud
io
m
et
ric
 p
re
- 
an
d
 p
os
to
p
er
at
iv
e 
va
lu
es
 fo
r 
sp
ec
ifi
c 
fr
eq
ue
nc
ie
s
p
re
o
p
er
at
iv
e 
va
lu
es
p
o
st
o
p
er
at
iv
e 
va
lu
es
F
re
q
u
en
cy
M
u
ta
ti
o
n
ag
e 
(y
rs
)
0,
5
1
2
4
8
0,
5
1
2
4
8
V:
 1
0 
(f
em
al
e)
 r
ig
ht
 e
ar
H
om
11
35
45
50
35
35
25
25
35
10
30
V:
 1
0 
(f
em
al
e)
 le
ft
 e
ar
H
om
11
35
40
40
30
25
25
20
20
15
25
V
I: 
10
 (
fe
m
al
e)
 r
ig
ht
 e
ar
H
om
8
65
65
60
50
na
60
40
20
40
70
V
I: 
10
 (
fe
m
al
e)
 le
ft
 e
ar
H
om
8
70
60
55
35
40
55
55
40
50
55
V
I: 
8 
(f
em
al
e)
 r
ig
ht
 e
ar
 
H
om
14
60
65
60
45
45
50
50
55
50
85
Le
g
en
d:
 v
al
ue
s 
re
p
re
se
nt
 th
e 
ai
r 
co
nd
uc
tio
n 
ex
p
re
ss
ed
 in
 d
ec
ib
el
 (
d
B
) 
an
d
 th
e 
fr
eq
ue
nc
ie
s 
ar
e 
ex
p
re
ss
ed
 in
 k
ilo
he
rt
z 
(k
H
z)
; L
24
4S
 m
ut
at
io
n 
in
 th
e 
A
N
K
H
  
g
en
e;
 H
om
, h
om
oz
yg
ou
s;
 H
et
, h
et
er
oz
yg
ou
s;
 W
T,
 w
ild
 t
yp
e
3.
3
New autosomal recessive syndrome (ANKH) with mixed hearing loss | 167
Ta
b
le
 3
    
A
ud
io
m
et
ric
 v
al
ue
s 
fo
r 
sp
ec
ifi
c 
fr
eq
ue
nc
ie
s,
 in
 n
on
-o
p
er
at
ed
 e
ar
s
ri
g
h
t 
ea
r 
(B
C
+
A
B
G
=
A
C
)
le
ft
 e
ar
 (
B
C
+
A
B
G
=
A
C
)
Fr
eq
ue
nc
y(
kH
z)
ag
e 
(y
rs
)
M
u
ta
tio
n
0,
5
1
2
4
8
0,
5
1
2
4
8
V:
 8
 (m
al
e)
29
H
om
20
+
30
=
50
45
+1
5=
60
50
+
5=
55
50
+
30
=
80
80
30
+
20
=
50
50
+1
0=
60
65
+1
5=
80
60
+
20
=
80
12
0
V:
 2
 (f
em
al
e)
 
45
H
om
35
+1
0=
45
40
+
5=
45
50
+
5=
55
40
+
25
=
65
55
35
+
20
=
55
60
+
0=
60
60
+1
5=
75
45
+
25
=
70
70
V:
 1
 (f
em
al
e)
 
47
H
om
10
+
25
=
35
0+
45
=
45
15
+1
0=
25
5+
45
=
50
5+
20
=
25
15
+1
0=
25
0+
25
=
25
5+
10
=
15
0+
30
=
30
15
+
25
=
40
VI
: 5
 (m
al
e)
2,
5
H
et
95
90
80
75
12
0
70
65
70
75
na
VI
: 7
 (f
em
al
e)
18
H
et
10
5
5
10
10
10
10
10
10
15
V:
 7
 (f
em
al
e)
 
30
H
et
5+
0=
5
5+
5=
10
10
+
5=
15
5+
0=
5
5+
0=
5
15
+
0=
15
5+
0=
5
5+
5=
10
5+
0=
5
10
+
0=
10
V:
 1
2 
(fe
m
al
e)
 
35
H
et
5+
10
=
15
10
+
0=
10
15
+
0=
15
20
+1
0=
30
5+
10
=
15
10
+
0=
10
5+
0=
5
10
+
0=
10
15
+
0=
15
10
+1
0=
20
VI
: 1
1 
(fe
m
al
e)
6
W
T
0
0
5+
0=
5
10
+
0=
10
na
5+
0=
5
0-
5=
-5
5+
0=
5
0
na
Le
g
en
d:
 v
al
ue
s 
re
p
re
se
nt
 th
e 
ai
r 
co
nd
uc
tio
n 
ex
p
re
ss
ed
 in
 d
ec
ib
el
 (
d
B
) 
an
d
 th
e 
fr
eq
ue
nc
ie
s 
ar
e 
ex
p
re
ss
ed
 in
 k
ilo
he
rt
z 
(k
H
z)
; n
a 
- 
no
t a
va
ila
b
le
; L
24
4S
 m
ut
at
io
n 
in
 th
e 
A
N
K
H
 g
en
e;
 H
om
, h
om
oz
yg
ou
s;
 H
et
, h
et
er
oz
yg
ou
s;
 W
T,
 w
ild
 t
yp
e;
 B
C
, b
on
e 
co
nd
uc
tio
n;
 A
C
, a
ir 
co
nd
uc
tio
n;
 A
B
G
, a
ir-
b
on
e 
g
ap
; b
on
e 
co
nd
uc
tio
n 
is
 
m
en
tio
ne
d
 b
et
w
ee
n 
p
ar
ac
en
th
es
es
 w
he
re
 th
e 
ne
ce
ss
ar
y 
d
at
a 
of
 e
ac
h 
ca
se
 w
as
 p
re
se
nt
V:1 and V:2 are sisters and are known to have the homozygous ANKH gene 
mutation. They both show a mixed hearing impairment (air-bone gap of 14dB and 
31dB based on average of frequencies 0.5-1-2-4 kHz) that is likely to be the result 
of an ossicular chain anomaly. Furthermore, they suffer from mental retardation 
(their sister (V:7), a normal hearing, heterozygous carrier of the mutation, 
accompanied these two patients to the outpatient clinic for clinical examination) 
and joint pain with movement restrictions8. The sensorineural component of V:2 is 
more severe than that of V:1 (calculated pure tone average for bone conduction 
frequencies 0.5-1-2-4 kHz), at 40dB and 8dB, respectively. 
Another individual (VI:5) shows severe, mainly sensorineural, hearing impairment and 
is a heterozygous mutation carrier. Other syndromal marks (e.g., joint, facial or 
dental anomalies) are absent in this male child, though mental retardation was 
observed. Based on his clinical data and genotype, his hearing impairment is 
presumed to have another, still unknown etiology. The patient’s father (V:8) is 
homozygous for the ANKH mutation and shows sensorineural hearing impairment 
(55-80dB perceptive and 10-20dB air-bone gap). 
Discussion
We report on the hearing impairment and the outcome of ear surgery in a 
consanguineous family with a novel genetic deafness syndrome associated with 
an autosomal recessive metabolic disorder due to a mutation in the ANKH gene. 
The genetic and metabolic aspects of this disease were reported separately8. 
This report focuses on the otological and audiological data from patients with this 
syndrome. In three patients (V:10, VI:8 and VI:10), a total of five exploratory 
tympanotomies have been performed, with varying outcomes (Table 1, Figure 3). 
The surgical outcome for patient V:10 was much better than those for patients VI:8 
and VI:10. This result can only partially be explained by the more complicated 
degrees of ossicular chain anomaly limiting the opportunities for a successful 
surgical intervention. However, the malleostapedotomy procedure has been improved 
over the last decade, significantly reducing the risk of iatrogenic sensorineural 
damage5. Furthermore, a recent study of congenital ossicular chain anomalies 
treating through operations using malleostapedotomy procedures reported 
worthwhile results13. Unfortunately, the cause of operation failure in VI:10 could 
not be examined because the parents and patient declined revision surgery. 
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In the left ear of individual VI:10, the authors assume that the concomitant 
atelectasis of the middle ear, which required cartilage support of the eardrum, 
might have had some impact on the final hearing outcome as well. 
Table 2 and 3 show some interindividual variability in audiometric configuration 
and the degree of hearing impairment. For example, patient V:2 exhibited a worse 
audiometric score than V:1, as judged by audiogram, though both sisters are 
known to have the same homozygous mutation. Furthermore, another individual 
(VI:5) shows very poor audiometric results despite being heterozygous for the 
ANKH mutation. Based on the genetic test results, his hearing impairment is 
presumed to have another etiology. The variable audiometric outcomes in 
homozygous carriers indicate that differing degrees of hearing impairment may 
be a feature of this disease. Therefore, the phenotypic outcome of a similar 
genetic mutation (genotype) might be quite different. 
There are pros and cons to considering the etiology of this hearing impairment to 
be either acquired or congenital. Given the anatomic anomalies encountered, 
such as stapesankylosis with a thickened footplate, combined with an epitympanic 
fixation and a missing long process of the incus and a stenotic round window 
niche (which was reported to be present by imaging techniques (Figure 4), 
although it was not visualized during otomicroscopic evaluation)(VI:8), the authors 
consider a congenital origin to be a more plausible cause for the ossicular chain 
anomaly. Whether the sensorineural component of the hearing impairment is 
stable or progressive has not yet been elucidated. The diagnosis of the hearing 
impairment in the children involved was made relatively late in childhood. The 
concomitant presence of mental retardation may have postponed the date of 
diagnosis. The family’s cultural background may also have contributed to their 
delay in referring the affected children for an investigation of their hearing. 
Nevertheless, the extra-osseous ossifications that are a feature of this new 
metabolic disorder may, theoretically, have contributed to ossicular fixation. 
Interestingly, other syndromes have been described to have similar phenotypic 
features, including mixed hearing loss4. Craniometaphyseal dysplasia (CMD) is 
particularly worth mentioning because it is also the result of mutations in the 
ANKH gene. However, there are significant differences in the phenotype that 
prevent further comparison. Only a few patients with CMD syndrome demonstrate 
different ossicular chain anomalies with an altering otological outcome after 
surgery, sufficient data are lacking in these reports for an adequate comparison 
of the surgical outcomes3,6,10. 
3.
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Conclusion
We describe the hearing impairment and outcomes of ear surgery in patients 
from a multi-consanguineous family with a novel autosomal recessive metabolic 
disorder attributed to a mutation in the ANKH gene. Exploratory tympanotomy 
can provide valuable results. Based on the anatomical findings, a congenital 
origin of the ossicular chain anomaly seems likely. Whether the sensorineural 
component of the hearing impairment is progressive remains to be determined 
and reason for further investigation. 
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General discussion
 
This thesis focuses on the evaluation of surgical outcomes for congenital ossicular 
chain anomalies using an appropriate classification. Answers to a series of inquiries 
are thereby given. 
In chapter 2, we questioned whether hearing outcomes differ according to 
separate classes. We also discussed whether ear surgery is a valuable treatment 
option for these anomalies. In chapter 3, we analyzed some specific syndromes 
with congenital mixed or conductive hearing impairment, the type of anomaly 
involved and whether the anomaly had an impact on postoperative hearing 
outcomes. 
Surgical results and audiometric outcomes in a series of congenital 
minor ear anomalies
Chapter 2 highlights the different classes of congenital minor ear abnormalities 
and concomitant audiometric outcomes after exploratory tympanotomy. In this 
(consecutive) series of 107 ears (in 89 patients treated between 1986 and 2001), 
hearing impairment as a result of congenital ossicular chain anomaly (classes 1 
to 4 according to the Cremers classification) is outlined and investigated. The 
preoperative diagnosis of conductive hearing loss due to congenital anomaly is 
rather challenging. It is mainly based on the exclusion of other etiologies for such 
a hearing impairment. A serous otitis media or recurrent acute otitis media (which 
frequently occurs in children) superimposed on the congenital malformation 
might delay correct diagnosis and treatment. Therefore, treatment of otitis media 
with effusion by placement of ventilation tubes will further delay the final diagnosis 
and the adequate revalidation of the present hearing impairment. This may further 
adversely affect speech and language development and learning ability. The 
proper treatment is use of an appropriate amplification device as early as possible 
and possibly later surgical intervention. However, surgery in children younger 
than 10 years of age is reported to be less common. Early use of hearing aid 
amplification is especially urgent in patients with bilateral (rather than unilateral) 
hearing impairment. In the years before successful surgery in patients with 
bilateral hearing impairment, the patient still needs hearing aids. Many different 
pure tone averages have been used in the literature to report on postoperative 
audiometric outcomes (separate means of 0.5, 1, 2, 3 and 4 kHz). In our study, we 
used the preoperative pure tone averages (PTA) of 0.5, 1, 2 and 4 kHz for air 
conduction (AC), bone conduction (BC) and the air-bone gap (ABG) and 
compared these with corresponding postoperative values. Different studies use 
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the 1995 American Academy of Otolaryngology-Head and Neck Surgery 
(AAO-HNS) Committee on Hearing and Equilibrium guidelines1, but in this 
retrospective chart review study the 3 kHz measurement was not available; 
therefore, we used the 4 kHz frequency. Nonetheless, it is stated that there is 
evidence that the average of 0.5, 1, 2 and 4 kHz measurements can be directly 
compared with the frequency range proposed by the AAO-HNS. It is known that 
air-bone gap closure, especially in the 4 kHz frequency, will result in better speech 
recognition in the presence of background noise. 
Approximately 25% of patients with a congenital ossicular chain anomaly have a 
genetic syndrome2. Diagnosis is usually based on other congenital dysmorphic 
features, and hearing loss is an associated outcome  of a congenital anomaly. 
Syndromes where deformities of the branchial arch derivatives are noted include 
Treacher Collins syndrome and branchio-oto-renal syndrome. In patients without 
a genetic syndrome and without external anatomic abnormalities, an accurate 
diagnosis remains challenging. The tympanic membrane and external ear canal 
appear normal. Conventional CT scanning of the petrous bones is usually not that 
helpful in confirming a congenital anomaly. Recently, however, a new radiologic 
technique of cone beam CT scanning has become available3. This new 
development will substantially facilitate preoperative assessment and is likely to 
improve patient selection for surgery in the near future. 
In this series, thorough surgical descriptions of the deformities and accurate 
reports enabled us to distinguish between the various deformities that were 
present. This enabled us to classify the surgical findings and results of the 
patients who were diagnosed with a congenital ossicular chain anomaly. 
In chapter 2.1, isolated congenital stapes footplate fixation (type 1) was found in 
39 ears. Twenty-four cases (62%) had a stapedotomy, and 15 cases had a partial 
platinectomy (18%) or a total stapedectomy (21%). An air-bone gap closure to 
within 20 dB was achieved in 29 (74%) of all ears, which is mostly in agreement 
with outcomes in other series. Additionally, the mean preoperative air conduction 
in this study was 46 dB, and overall we calculated a gain of 21 dB. The outcome 
of this series and other larger series from the literature confirm that stapes surgery 
for isolated congenital stapes ankylosis can improve hearing. The outcome for 
closure of an air-bone gap is somewhat less favorable than in stapes surgery for 
otosclerosis. The outcome of stapes surgery in osteogenesis imperfecta is also 
inferior compared to the outcome for otosclerosis4, 5.
In chapter 2.2, surgery for congenital stapes footplate ankylosis with a concomitant 
ossicular chain anomaly (type 2) was reviewed in 30 ears (25 patients). Surgery 
can provide meaningful hearing improvement. The air-bone gap closure was ≤20 
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dB in 21/30 (70%) ears. Most ears had some sensorineural impairment (10-20 
dB), which influenced the final hearing level after surgery. The audiometric results 
were similar to previously published series. The outcomes of this series and a few 
other series confirm that surgery for congenital ankylosis of the stapes and 
associated deformities of the ossicular chain can improve hearing. Over recent 
decades, the technique of the malleostapedotomy procedure has been 
improved6, as shown by the postoperative hearing outcomes. In experienced 
hands, reconstructive middle ear surgery for these congenital minor ear anomalies 
will generally lead to a considerable improvement in hearing. 
In chapter 2.3, surgery for a mobile stapes footplate with a concomitant congenital 
ossicular chain anomaly (type 3) was reviewed in 23 ears (23 patients). The 
air-bone gap closure was ≤20 dB in 15 (65%) of cases, and a mean gain in air 
conduction of 17 dB (from 47 dB to 30 dB) was noted. This is in agreement with 
the few results reported in the literature. Other publications lack adequate data to 
allow comparison with the surgical results in the present study. In specific type 3 
ossicular chain deformities, a variety of anomalies challenge the experienced 
surgeon to assess different reconstruction strategies to improve patient hearing. 
The surgeon may be more alert to more specific middle ear anomalies when a 
patient is diagnosed with a specific syndrome. For example, epitympanic fixation 
is found in craniosynostosis syndromes such as Crouzon syndrome and Pfeiffer 
syndrome. Awareness of a specific diagnosis will enhance patient counseling, 
preoperative planning and postoperative hearing expectations.
Chapter 2.4 is de facto a separate entity and discusses congenital dysplasia or 
aplasia of the oval and/or round window with a possible concomitant aberrant 
facial nerve course (type 4). Classical microsurgical opportunities are scarce in 
this group of anomalies. In 8 of 15 ears, an attempt at ossicular reconstruction 
was realized. At short-term (one month) follow-up, 4 ears had a serviceable 
hearing outcome (air-bone gap closure to within 25dB).  The authors’ enthusiasm 
for conventional microsurgery has been tempered due to the disappointing 
results in this type of congenital middle ear anomalies. In cases where the facial 
nerve only partially overlies the oval window, a type of malleostapedotomy 
procedure may result in serviceable postoperative hearing. It would have been 
ideal to have more detailed preoperative imaging of the middle ear and inner ears 
available at the time the patients in this surgical series were treated. In most cases 
where these type 4 anomalies are recognized based on new imaging techniques 
like the new cone beam CT scanning techniques3, an exploratory tympanotomy 
could probably be avoided. 
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Complications
In one case (out of 2 cases in a whole series of 107 ears), total inner ear deafness 
was encountered during long-term follow-up. It was categorized as a class 3 
anomaly and occurred in the period between the one-year postoperative 
audiogram and the last performed audiogram after an acute otitis media (follow 
up 2 years). The other case was a class 4 anomaly, and total inner ear deafness 
occurred 3 weeks after the operation, also due to an acute otitis media. 
In approximately 25% of patients, the congenital middle ear anomaly was not 
isolated and was part of a syndromal diagnosis. No significant correlation could 
be found in any distinct class in postoperative hearing gain between syndromal 
and non-syndromal cases. The above conclusion is supported by the fact that 
more extensive ear pathology is often encountered in syndromal ears; for 
example, BOR syndrome produces a middle ear anomaly (an overly narrow 
epitympanic space and excessively wide middle ear dimensions with more 
dysplastic ossicular anomalies) and inner ear anomalies (an enlarged vestibular 
aqueduct with or without a hypoplastic cochlea)7. A trend to improved post -
operative hearing outcomes in favor of non-syndromic ears is noted; however, a 
study of larger patient cohorts would be needed to attain significance. 
Clinical and genetic aspects of a syndromal diagnosis may help to predict ossicular 
anomalies in individual patients and avoid the occurrence of a stapes gusher 
during surgery8. It should be emphasized that great progress has been made in 
imaging with cone beam CT scanning. This development is expected to become 
more widely available and therefore provide much more detailed information about 
the specific anomalies present. As such, it is expected to improve the preoperative 
assessment by providing more information about the present ossicular anomalies 
and will be very valuable in preoperative counseling.
In patients where exploratory tympanotomy is not a reasonable option, revalidation 
with air conduction or bone conduction devices is still a viable treatment. Conventional 
hearing aids are the first option (as long as the air-bone gap is not too large) to 
improve hearing impairment given an intact external bony ear canal. When the 
air-bone gap is more than 30 dB, semi-implantable bone conduction devices (BCD) 
that are anchored in the cranium by a percutaneous osseointegrated titanium fixture 
(e.g, Baha or Ponto) show better audiometric results compared to the conventional 
air conduction devices9. A transcutaneous Softband bone conduction device (BCD) 
with later (around the age of four years) use of a percutaneous bone conduction 
device (BCD) may be the best starting option for hearing therapy. New active semi-
implantable hearing devices, i.e., Vibrant Soundbridge, are promising alternatives in 
178 | Chapter 4
cases where classical ear surgery is not successful, such as in class 4 anomalies. 
Vibrations are directly transmitted to the inner ear of the affected ear by the Floating 
Mass Transducer attached to the oval or round window. The first experiences with 
these new developments in Nijmegen (the Netherlands) and abroad are promising10.
Syndromes and their influence on surgery and audiometric outcomes
Chapter 3 of this thesis mentions three different syndromes. It discusses the 
specific phenotypic features of these syndromes, mutation analysis of the genes 
involved, concomitant congenital ossicular chain anomalies and surgical outcomes.
In chapter 3.1, two cases of branchio-oculo-facial syndrome (BOFS) are reported. 
The presence of an unusual combination of striking features resulted in this clinical 
diagnosis that was confirmed by mutation analysis. BOFS is a rare autosomal 
dominant disorder. The congenital conductive hearing loss is of branchiogenic origin. 
BOFS is one of many syndromes with congenital conductive hearing impairment. 
The major features of BOFS are cervical skin lesions or branchial sinus defects of the 
first and second branchial arch covered by aplastic, overlying skin.
Literature on BOFS is rare and diffuse. Most recently, mutations in the gene 
TFAP2A have been shown to be a causative factor. The prevalence of TFAP2A 
gene mutations in BOFS patients is yet to be determined, given the small number 
of patients reported in the literature. To date, almost every BOFS patient reported 
in the literature is known to have a TFAP2A gene mutation. Further genetic 
research and larger cohorts of BOFS patients will be required. Congenital external 
ear canal stenosis has been reported to be present in 5 BOFS patients. Congenital 
conductive hearing impairment has been reported in 21 out of 51 (41%) patients. 
An epitympanic fixation of the malleus has been described as the congenital 
anomaly of the ossicular chain. The short-term outcome in terms of hearing after 
reconstructive surgery was satisfactory.
Chapter 3.2 discusses the symphalangism syndrome. This syndrome has a broad 
scala of phenotypic features, caused by different mutations in the NOG gene. The 
clinical characteristics of two new families (one Dutch and one Turkish) were 
described. Repeated transmission of the mutation from one generation to the 
next is in accordance with a pattern of autosomal dominant inheritance. Clinical 
features included proximal symphalangism in one of the fingers, broad thumbs, 
syndactyly of the toes, hyperopia, typical dysmorphic facies and conductive 
hearing impairments as a result of congenital anomalies of the ossicles, especially 
bony ankylosis of the stapes footplate. The patients described showed variable 
phenotypes. Proximal symphalangism, conductive hearing impairment, facial 
dysmorphism and hyperopia are the primary features.
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Sometimes, in patients with the proximal symphalangism and congenital conductive 
hearing impairment syndrome, the initial improvement in hearing after stapedotomy 
was temporary. A lateralization of the stapes replacing piston was encountered 
and considered to be due to a bony re-closure of the footplate. To avoid bony 
re-closure of the footplate after a stapes-replacing procedure, a partial 
platinectomy has been proposed as an alternative option. In the two families 
reported, exploratory tympanotomies showed similar anatomic anomalies and 
surgical solutions. The clinical features of the Teunissen-Cremers syndrome, fa-
cioaudiosymphalangism and proximal symphalangism with congenital conductive 
hearing impairment syndrome are different, although partly overlapping. They share 
the same pathologic mutation in the NOG gene.
This leads to aberrant functions of the noggin protein.
In chapter 3.3, we provide a detailed report on hearing impairment and the 
outcomes of reconstructive ear surgery in a second, new ANKH gene syndrome. 
Patients come from a multi-consanguineous family and have a novel autosomal 
recessive metabolic disorder attributed to a mutation in the ANKH gene11. The 
outcomes of 5 exploratory tympanotomies are available, and results were variable. 
A detailed genetic, clinical and metabolic report on this family has been provided 
previously11. The etiology of this hearing impairment may be either acquired or 
congenital. Given the anatomic anomalies encountered, including stapes 
ankylosis with a thickened footplate combined with epitympanic fixation, a 
missing long process of the incus and a stenotic round window niche (discovered 
by imaging), the authors consider a congenital origin to be a more plausible 
cause for the ossicular chain anomaly. Nevertheless, appositions of bone due to 
the metabolic disorder could influence bony fixation of the stapes footplate. 
Whether the sensorineural component of the hearing impairment is stable or 
progressive has not yet been elucidated. The diagnosis of hearing impairment in 
the affected children was made relatively late in childhood. Nevertheless, the 
extra-osseous ossifications that are a feature of this new metabolic disorder may 
theoretically have contributed to ossicular fixation. Based on the anatomical 
findings, a congenital origin of the ossicular chain anomaly seems likely. The 
variable audiometric outcomes in homozygous carriers indicate that differing 
degrees of hearing impairment may be a feature of this disease. Whether the 
sensorineural component of the hearing impairment is progressive remains to be 
determined and requires further investigation. 
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Conclusions 
The main goal of this retrospective analysis was to report results of a second 
consecutive Nijmegen series of congenital minor ear anomalies based on 
classification into 4 classes. The results are good for classes 1-3 in comparison 
with previous series presented by Teunissen and Cremers12-15 and with the data 
available in the literature. These Nijmegen series are larger than all other series 
presented in the literature. In this series (1986-2001), of ears classified as class 4 
anomalies, serious attempts were undertaken to perform a type of stapedotomy 
even in cases where the facial nerve erroneously crossed over the stapes footplate. 
Nevertheless, the outcomes of the microsurgical procedures have been disappointing, 
considering the desired hearing gain. No facial nerve damage was encountered 
immediately postoperatively. However, in one case, total inner ear deafness 
occurred three weeks after the operation due to an acute otitis media. Again, this 
emphasizes the need to opt for alternatives to surgical therapy in children under 
the age of 8-10 years to reduce the risk of otitis media postoperatively. 
Since the end of the 1990’s, binaural use of a bone conductive device (Baha) has 
been shown to be a valuable option for hearing revalidation in adults16, 17.
More recently, this new development has also been shown to be effective in 
improving binaural hearing in children and young adults18. These outcomes show 
that these devices are reasonable options for treatment of hearing loss in children. 
In addition to this new development in the bilateral use of bone conduction devices 
(even in early childhood with the transcutaneous Softband bone conduction 
device), there is a new and possibly better surgical option available. This entails 
the implantation of a semi-implantable hearing aid (Vibrant Soundbridge) with the 
application of a vibrating element, a floating mass transducer (FMT), directly on 
the oval or round window. This has already been performed in a child aged about 
two years with bilateral congenital ear canal atresias19. Such an option would 
avoid stimulation of the contralateral ear, a disadvantage of bone conduction 
devices. This can be rather annoying, especially in noisy environments. New options 
have become available for hearing revalidation in some of the more severe 
congenital minor ear anomalies. 
By adding to this thesis reports of three clinical, genetic and otologic syndromes, 
the value of recognizing and improving the knowledge of a phenotype based on 
genotype analysis is emphasized. With otologic evaluations, including outcomes 
of conventional middle ear surgery, additional important information has become 
available to better judge the optimal hearing improvement options and to improve 
genetic counseling. 
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In conclusion, the topic of congenital middle ear anomalies is a small but very 
relevant one in otology. With further research, new and innovative technologies 
may improve the present techniques for treatment of hearing loss in patients with 
congenital ear anomalies in the near future. 
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Summary
Congenital anomalies of the ossicular chain (minor ear anomalies) causing 
conductive hearing impairment are rare, even at the level of a tertiary referral 
center. This topic has been rarely investigated in the otologic literature. In general, 
the most frequently occurring congenital or acquired hearing impairment is of 
sensorineural origin. In patients with congenital conductive hearing impairment, 
several options for rehabilitation are available: conventional air conduction 
hearing amplification, osseointegrated auditory implants (Bone Conduction 
Devices) and surgical intervention by an exploratory tympanotomy are certainly 
viable options to improve hearing. Surgery in children younger than 10 years of 
age is reported to be less common, and therefore, it is mainly considered a 
second option for treatment later in life. This thesis focuses on the otologic 
assessment and audiometric outcomes in a consecutive series of 89 patients 
(107 ears) operated on between 1986 and 2001 for congenital minor ear 
anomalies. The patients are categorized into four different classes according to 
the Cremers classification. Additionally, three specific syndromes associated with 
congenital conductive hearing impairment were investigated and reported. 
In chapter 2.1, isolated congenital stapes footplate fixation (class 1) was found in 
39 ears. An air-bone gap closure to within 20 dB was achieved in 29 (74%) ears, 
which is mostly in agreement with the outcomes in other series. The outcome of 
this series and other larger series from the literature confirm that stapes surgery 
for isolated congenital stapes ankylosis provides an opportunity to improve the 
hearing level. The outcome of closure of an air-bone gap is somewhat less 
favorable compared to that of stapes surgery for otosclerosis.
In chapter 2.2, surgery for congenital stapes footplate ankylosis with a concomitant 
ossicular chain anomaly (class 2) was reviewed in 30 ears (25 patients). This 
approach can provide worthwhile hearing improvement. The air-bone gap closure 
was ≤20 dB in 21/30 (70%) ears. Most ears had some sensorineural impairment 
(10-20 dB), which influenced the final hearing level after surgery. The audiometric 
results remained stable compared with the previously published series. In 
experienced hands, reconstructive middle ear surgery for congenital minor ear 
anomalies will generally lead to a considerable improvement in hearing.
In chapter 2.3, the results of surgery for a mobile stapes footplate with a 
concomitant congenital ossicular chain anomaly (class 3) in 23 ears were 
reviewed (23 patients). The air-bone gap closure was ≤20 dB in 15 (65%) cases, 
and a mean gain in air conduction of 17 dB (from 47 dB to 30 dB) was noted. This 
is in agreement with the few results that have been reported in the literature. In 
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specific class 3 ossicular chain deformities, a variety of anomalies challenge the 
experienced surgeon to assess different reconstruction strategies to improve 
patient’s hearing level. The surgeon may be more alert to encountering more 
specific middle ear anomalies when a patient is diagnosed with a specific 
syndrome. Awareness of a specific diagnosis will enhance patient counseling, 
preoperative planning and postoperative hearing expectations.
Chapter 2.4 can be considered a separate entity and discusses congenital dys- 
or aplasia of the oval and/or round window with a possible concomitant aberrant 
facial nerve course (class 4). Classical microsurgical opportunities are scarce for 
this type of anomaly. In eight of fifteen ears, an attempt at ossicular reconstruction 
was made. In the short term (one month), there was a serviceable hearing 
outcome in 4 ears (air-bone gap closure to within 25 dB). The disappointing 
microsurgical results favor other hearing aid options, particularly the osseointe-
grated bone conduction devices. Nevertheless, in cases where the facial nerve is 
only partially overlying the oval window, an ossicular reconstruction might still 
result in a serviceable postoperative hearing level. High-resolution CT imaging 
and new cone beam CT scan imaging techniques might be able to help visualize 
these types of congenital middle ear anomalies as part of a preoperative 
assessment. Our series presented two postoperative inner ear deafness 
complications. Both were due to a postoperative acute otitis media: one at a 
short-term postoperative follow-up of 3 weeks and one at a long-term follow-up of 
2 years. No facial nerve damage was encountered. 
In approximately 25% of the ears, the congenital middle ear anomaly was not 
isolated but was a component of a syndromal diagnosis. The clinical and genetic 
aspects of a syndromal diagnosis may help to predict the ossicular anomaly in 
individual patients and avoid the occurrence of a possible stapes gusher during 
surgery. 
Later in this thesis, three different syndromes are mentioned, and their specific 
phenotypic features are discussed along with a mutation analysis of the genes 
involved, concomitant congenital ossicular chain anomalies and the postoperative 
surgical outcomes.
In chapter 3.1, the presence of branchio-oculo-facial syndrome (BOFS) in two 
patients is reported. BOFS is a rare autosomal dominant disorder. The congenital 
conductive hearing loss is of branchiogenic origin. The major features of BOFS 
are cervical skin lesions or branchial sinus defects of the first and second 
branchial arches, which are covered by aplastic, overlying skin. Most recently, 
mutations in the gene TFAP2A have been shown to be a causative factor. 
Congenital conductive hearing impairment has been reported in 21 out of 51 
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(41%) patients. The short-term outcome in terms of the hearing level after the 
reconstructive surgery was satisfactory.
Chapter 3.2 discusses the, autosomal dominant, symphalangism syndrome with 
a broad scale of phenotypic features caused by different mutations in the NOG 
gene. The clinical characteristics of two new families (one Dutch and one Turkish) 
were described. Proximal symphalangism, conductive hearing impairment, facial 
dysmorphism and hyperopia are the primary features associated with mutations 
in the NOG gene. In the two families described, exploratory tympanotomies 
showed similar anatomic anomalies and surgical solutions. In some cases, an 
initial improvement of hearing after stapedotomy did not persist. To avoid a bony 
re-closure of the footplate after a stapes replacement procedure, a partial 
platinectomy has been proposed as an alternative option.
In chapter 3.3, we provide a detailed report on the hearing impairment and the 
outcome of reconstructive ear surgery in a new ANKH genetic syndrome. The 
patients are from a multi-consanguineous family with a novel autosomal recessive 
metabolic disorder attributed to a mutation in the ANKH gene. The outcomes of 5 
exploratory tympanotomies are given, and the variable results are discussed. 
Different anatomic middle and inner ear deformities (such as stapes footplate 
ankylosis with an epitympanic fixation, a missing long process of the incus and a 
stenotic round window niche) suggest a congenital origin of the hearing 
impairment. Whether the sensorineural component of the hearing impairment is 
progressive remains to be determined and warrants further investigation.
In conclusion, the topic of congenital middle ear anomalies is a small but very 
relevant one in otology. With further research, new and innovative technologies 
may improve the present techniques for treatment of hearing loss in patients with 
congenital ear anomalies in the near future. By adding to this thesis reports of 
three clinical, genetic and otologic syndromes, the value of recognizing and 
improving the knowledge of a phenotype based on genotype analysis is 
emphasized.
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Samenvatting
Aangeboren afwijkingen van de gehoorbeenketen (mineure oorafwijkingen) welke 
een geleidingsslechthorendheid veroorzaken zijn zeldzaam, zelfs op het niveau 
van een tertiair academisch medisch centrum. Het onderwerp is spaarzaam 
onderzocht in de otologische literatuur. De meest voorkomende aangeboren of 
verworven gehoorverliezen zijn van perceptieve origine. Bij patiënten met een 
aangeboren geleidingsslechthorendheid zijn er verscheidene behandelings-
opties: de conventionele luchtgeleidingshoortoestellen, bot verankerde hoortoestellen 
(Baha of Ponto) en een chirurgische interventie bij wijze van een middenoor-
inspectie zijn opties om het gehoor te verbeteren. Chirurgie bij kinderen jonger 
dan 10 jaar is naar verluidt minder gangbaar en is daarom meestal slechts tweede 
keus voor eventueel later in het leven. Dit proefschrift richt zich op de otologische 
evaluatie in een volgende reeks van 89 patiënten (107 oren) welke zijn geopereerd 
tussen 1986 en 2001 voor een aangeboren mineure oorafwijking en op de 
postoperatieve audiometrische resultaten. De patiënten zijn onderverdeeld in vier 
verschillende klassen volgens Cremers’ classificatie. Ook drie specifieke syndromen 
met een dergelijke aangeboren geleidingsslechthorendheid worden beschreven.
In hoofdstuk 2.1 werd een aangeboren, geïsoleerde stapesvoetplaat fixatie 
(klasse 1) gerapporteerd bij 39 oren. Een reductie van het conductief verlies tot 
binnen de 20 dB werd bereikt in 29 (74%) van alle oren, wat grotendeels in over-
eenstemming is met de resultaten in andere series. Het resultaat van deze serie 
en andere grote series uit de literatuur bevestigen, dat stapes chirurgie voor 
geïsoleerde aangeboren stapesvoetplaat-fixatie een kans is om het gehoor te 
verbeteren. De mate van reductie van het conductief verlies is iets minder gunstig 
in vergelijking met stapes chirurgie voor otosclerose.
In hoofdstuk 2.2 wordt chirurgie voor een aangeboren stapesvoetplaat-ankylose met 
een gelijktijdige keten anomalie elders in het middenoor (klasse 2) beschreven bij 30 
oren (25 patiënten). Opereren blijkt zinvol om het gehoor te verbeteren. Er werd een 
sluiting van de geleidingscomponent in het gehoorverlies gerealiseerd van binnen de 
20 dB bij 21 van de 30 (70%) oren. De meeste oren hadden wat perceptief 
gehoorverlies (tussen de 10 en 20 dB) wat de nodige impact had op het uiteindelijk 
resultaat van de operatie. De gehoorsverbeterende resultaten bleven stabiel in 
vergelijking met de eerder gepubliceerde serie uit Nijmegen. In ervaren handen zal 
reconstructieve middenoor chirurgie voor aangeboren mineure oorafwijkingen, in het 
algemeen, leiden tot een aanzienlijke verbetering van het gehoor.
In hoofdstuk 2.3 werd chirurgie voor een mobiele stijgbeugel voetplaat met een 
gelijktijdige aangeboren gehoorbeenketen anomalie (klasse 3) beoordeeld in 23 
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oren (23 patiënten). Er werd een sluiting van de geleidingscomponent in het 
gehoorverlies gerealiseerd van binnen de 20 dB bij 15 (65%) van alle gevallen en 
een gemiddelde winst in de lucht geleiding van 17 dB (van 47 dB naar 30 dB). Dit 
is in overeenstemming met de in de literatuur gerapporteerde resultaten. In 
specifiek klasse 3 gehoorbeenketen misvormingen, wordt de chirurg uitgedaagd 
door de verscheidenheid aan ketenafwijkingen om verschillende reconstructie-
technieken in het repertoire te hebben, ten einde de gehoordrempel van de 
patiënt te verbeteren. Bij patiënten die bekend zijn met specifieke syndromen zal 
de chirurg meer alert zijn op bepaalde middenoor afwijkingen. Een goede kennis 
op dit terrein zal de patiënt counseling, preoperatieve planning en de post operatieve 
gehoor resultaten verbeteren.
Hoofdstuk 2.4 kan worden beschouwd als een aparte entiteit en bespreekt 
aangeboren dys-of aplasie van het ovale en/of ronde venster met mogelijk een 
bijkomend afwijkend verloop van de  aangezichtszenuw (klasse 4). Klassieke 
 microchirurgische mogelijkheden zijn schaars in deze groep van afwijkingen. In 
acht van de vijftien oren werd een poging tot ketenreconstructie verricht. Op korte 
termijn (een maand) was er in vier oren een uitkomst met een bruikbaar gehoor 
(sluiting van de conductieve component tot 25dB). Teleurstellende resultaten van 
de microchirurgische technieken nopen de clinicus alternatieven te verkiezen 
zoals hoortoestelopties en dan in het bijzonder de geïntegreerde beengeleidings-
apparaten. Desalniettemin in gevallen waarin de aangezichtszenuw slechts 
gedeeltelijk het ovale venster bedekt, kan een gehoorbeenketen reconstructie 
nog steeds tot een bruikbaar postoperatief gehoorsniveau leiden. Onlangs zijn 
nieuwe Cone Beam CT-scan beeldvormingstechnieken opgekomen welke kunnen 
helpen dit soort aangeboren afwijkingen aan het middenoor, als onderdeel van 
de preoperatieve beoordeling, te visualiseren. 
In de hele serie kwamen twee patiënten voor met volledige perceptieve doofheid 
als postoperatieve complicatie. Beiden waren het gevolg van een postoperatief 
doorgemaakte acute otitis media: een op korte termijn met een follow-up van 3 
weken na de operatie en een op lange termijn follow-up van 2 jaar. Geen schade 
aan de aangezichtszenuw werd gezien.
In ongeveer 25% van de patiënten met een aangeboren afwijking van het midden oor 
komt het als onderdeel van een syndroom voor. Klinische en genetische aspecten 
van een syndromale diagnose kunnen helpen om de gehoorbeenketen afwijking 
te helpen voorspellen bij de individuele patiënt en om een mogelijke stapes 
gusher tijdens een operatie te voorkomen.
Verderop in dit proefschrift worden drie verschillende syndromen genoemd, hun 
specifieke fenotypische kenmerken, de mutatie analyse van de betrokken genen 
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en de gelijktijdig aanwezige aangeboren gehoorbeenketen afwijkingen en de 
postoperatieve chirurgische resultaten.
In hoofdstuk 3.1 wordt de aanwezigheid van het Branchio-Oculo-Faciaal Syndroom 
(BOFS) bij twee patiënten beschreven. BOF-syndroom is een zeldzame, 
autosomaal dominante aandoening. Het aangeboren geleidingsverlies is van 
branchiogene origine. De belangrijkste kenmerken van BOFS zijn laterale 
halscysten en gebreken van de eerste en tweede kiewboog overdekt door 
aplastisch, overliggende huid. Onlangs is aangetoond dat mutaties in het TFAP2A 
gen een oorzakelijke factor zijn. In de literatuur is aangeboren geleidingsverlies 
gezien bij 21 van de 51 (41%) patiënten. De korte-termijn resultaten in termen van 
gehoorsverbetering na een operatieve reconstructie, zijn bemoedigend.
Hoofdstuk 3.2 wordt ingegaan op een, autosomaal dominant, symphalangisme 
syndroom met een breed scala aan fenotypische kenmerken veroorzaakt 
door verschillende mutaties in het NOG gen. De klinische kenmerken van twee 
nieuwe families (een Nederlandse en een Turkse) werden beschreven. Proximaal 
symphalangisme, geleidingsverlies, gelaatsafwijkingen en verziendheid zijn de 
meest opvallende kenmerken. In deze rapportage van twee families, toonde 
chirurgische middenoorinspectie gelijkaardige anatomische afwijkingen en 
chirurgische oplossingen. Soms verslechterde een aanvankelijke verbetering van 
het gehoor na stapeschirurgie weer. Om een benige sluiting van de voetplaat na 
een stijgbeugel vervangende procedure te voorkomen, is een gedeeltelijke 
platinectomie een goede alternatieve optie.
In hoofdstuk 3.3, bieden we een gedetailleerd verslag over de slechthorendheid 
en de uitkomst van reconstructieve oorchirurgie in een nieuw tweede syndroom, 
berustend op een mutatie in het ANKH gen. Patiënten komen uit een multi-con-
sanguïne familie met een nieuwe autosomaal recessieve stofwisselingsziekte 
toegeschreven aan een mutatie in het gen ANKH. De resultaten van vijf midden-
oorinspecties worden gegeven en met wisselende uitkomsten. Verschillende 
anatomische midden- en binnenoor misvormingen (zoals stijgbeugel voetplaat 
fixatie met epitympanum fixatie, een ontbrekend lange been van de incus en een 
stenotisch ronde vensternis) wijzen op een aangeboren oorsprong van de slecht-
horendheid. Of de perceptieve component in het gehoorverlies progressief is 
moet nog worden bepaald en is reden voor verder onderzoek.
In dit proefschrift concluderen we dat het onderwerp van aangeboren afwijkingen 
van het middenoor een kleine, maar zeer relevante is in de otologie. Door de 
expertise op dit gebied meer uit te breiden en daarbij ook nieuwe innovatieve 
technologieën toe te voegen (mede in de nabije toekomst), worden de huidige 
mogelijkheden meer uitgebouwd om de betrokken patiënten beter te revalideren. 
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De toevoeging van drie klinisch, genetisch en otologische syndromale rapporten 
benadrukt het belang van kennis erover en ook het belang van de genotypische 
analyse waarop het fenotype gebaseerd is.
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Résumé
Les anomalies congénitales de la chaîne ossiculaire auditive (anomalies mineures 
des oreilles) entraînant la surdité sont rares, même au niveau d’un Centre 
Hospitalier Universitaire. Le sujet fait l’objet de peu de recherches dans la 
littérature otologique. En général, les surdités congénitales ou acquises les plus 
fréquentes sont d’origine neurosensorielle. Pour les patients atteints d’une surdité 
congénitale, plusieurs traitements sont en option : amplification auditive conven-
tionnelle par un appareil à conduction aérienne, implants auditifs osséointégrés 
(Bone Conduction Devices) et intervention chirurgicale consistant en une 
tympanotomie exploratoire. Chez les enfants de moins de 10 ans, le recours à la 
chirurgie est moins fréquent et ne viendra ainsi qu’en deuxième place, lorsqu’il 
faudra éventuellement faire un choix, quelques années plus tard. 
Cette thèse porte sur l’évaluation otologique d’une série successive de 89 
patients (107 oreilles), opérés entre 1986 et 2001 d’une anomalie congénitale 
mineure, et sur les résultats audiométriques postopératoires.  Les patients ont été 
répartis en quatre catégories différentes, selon la classification de Cremers. Trois 
syndromes spécifiques présentant une même déficience congénitale de l’audition 
conductrice sont également étudiés et exposés. 
Le chapitre 2.1 rapporte qu’une fixation congénitale isolée de la platine de l’étrier 
(classe 1) a été constatée dans 39 oreilles. Une réduction de la surdité à un niveau 
inférieur à 20 dB a été obtenue dans 29 de la totalité des oreilles (74%), ce qui 
correspond en majeure partie aux résultats d’autres séries. Les résultats de cette 
série et d’autres grandes séries de la littérature confirment que, dans le cas de 
fixations congénitales isolées de l’étrier, la chirurgie stapédienne est une 
opportunité pour améliorer le niveau de l’audition. Le résultat chirurgical en terme 
d’audition est un peu moins favorable que ceux de la chirurgie stapédienne pour 
l’otospongiose.
Le chapitre 2.2 traite du recours à la chirurgie dans le cas d’une ankylose 
congénitale de la platine de l’étrier, accompagnée d’une anomalie concomitante 
de la chaîne ossiculaire auditive (classe 2) décelée dans 30 oreilles (25 patients). 
Une opération s’avère justifiée pour améliorer l’audition. Après l’opération, en 
effet, l’audition conductrice est passée à un niveau inférieur à 20 dB chez 21 
(70%) des 30 patients. Comme la plupart des patients avaient une surdité de type 
sensoriel (10-20 dB), le niveau final de l’audition après l’opération s’en est 
forcément trouvé influencé. Les résultats audiométriques sont restés stables par 
rapport à la série déjà publiée. Pratiquée par des mains expérimentées, la 
chirurgie reconstructive de l’oreille moyenne, dans le cas d’anomalies congénitales 
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mineures, se traduira généralement par une amélioration considérable de la surdité 
de type transmission.
Le chapitre 2.3 donne le résultat d’une intervention  chirurgicale effectuée dans 
23 oreilles (23 patients), pour soigner une anomalie congénitale de la chaîne 
ossiculaire auditive avec la platine de l’étrier mobile (classe 3). Une réduction de 
la surdité à moins de 20 dB a été obtenue dans 15 (65%) de la totalité des cas et 
un gain moyen en conduction aérienne de 17 dB (de 47 dB à 30 dB) a été 
enregistré. Ceci correspond aux résultats rapportés dans la littérature. Dans les 
cas de déformations des osselets class 3, en particulier, la diversité des anomalies 
mettent  le chirurgien expérimenté au défi de connaître différentes stratégies re-
constructives, afin d’améliorer le niveau d’audition des patients. Chez les patients 
présentant des syndromes spécifiques, le chirurgien devra redoubler de vigilance 
pour identifier certaines anomalies de  l’oreille moyenne. De solides connaissances 
en la matière permettront d’améliorer l’assistance aux patients, la planification 
préopératoire et les résultats auditifs postopératoires. 
Le chapitre 2.4 peut être considéré comme une entité distincte, puisqu’il aborde 
la question de la dysplasie ou de l’aplasie congénitales de la fenêtre ovale et/ou 
ronde, accompagnée éventuellement d’une anomalie annexe du trajet du nerf 
facial (classe 4). Les opportunités de microchirurgie classique sont rares dans ce 
groupe d’anomalies. Dans huit des quinze oreilles, une tentative de reconstruction 
ossiculaire a été faite. A court terme (1 mois), 4 oreilles ont montré une amélioration 
du résultat auditif (réduction de la surdité de type transmission à un niveau 
inférieur à 25 dB). Les résultats décevants de la microchirurgie obligent le clinicien 
à préférer d’autres options comme les audioprothèses et, en particulier, les 
appareils osséointégrés de type conduction osseuse. Néanmoins, dans les cas 
où le nerf facial ne recouvre que partiellement la fenêtre ovale, une reconstruction 
ossiculaire peut encore aboutir à un bon niveau d’audition postopératoire. 
Récemment, sont apparues de nouvelles techniques de tomographie numérique 
par faisceau conique (CBCT), qui pourraient aider à visualiser ce type d’anomalies 
congénitales de l’oreille moyenne, afin d’améliorer l’évaluation  préopératoire. 
La série a montré deux complications postopératoires de surdité neurosenso-
rielle complète, consécutives à une période otitique postopératoire: l’une à court 
terme, 3 semaines après l’opération et l’autre à long terme, c’est-à-dire 2 ans. 
Aucune lésion du nerf facial n’a été constatée. 
Chez 25% environ des patients, l’anomalie congénitale de l’oreille moyenne n’est 
pas isolée mais fait partie d’un syndrome. Les aspects cliniques et génétiques 
d’un diagnostic syndromique peuvent aider à prévoir l’anomalie ossiculaire chez 
le patient et à éviter un éventuel ‘stapes gusher’ (éruption de liquide périlabyrin-
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thique après une stapédectomie), au cours de l’opération. 
Plus loin dans cette thèse, seront mentionnés trois syndromes différents, leurs 
caractéristiques phénotypiques spécifiques, l’analyse de la mutation des gènes 
concernés, la présence concomitante d’anomalies congénitales des osselets et 
les résultats postopératoires des interventions chirurgicales. 
Le chapitre 3.1 expose la présence du syndrome branchio-oculo-facial (BOFS) 
chez deux patients. BOFS est une affection rare autosomique dominante. La 
surdité congénitale de type transmission est d’origine branchiogénique. Les 
principales caractéristiques de BOFS sont des lésions cervicales cutanées et 
défauts de sinus branchiaux du premier et du deuxième arc, recouverts de peau 
aplasique. Récemment, il a été établi que des mutations du gène TFAP2A en sont 
un facteur causal. La littérature fait apparaître une déficience auditive congénitale 
chez 21 des 51 patients (41%). Les résultats postopératoires à court terme du 
niveau d’audition sont encourageants.
Le chapitre 3.2 traite d’un syndrome de symphalangisme transmis sur le mode 
autosomique dominant, accompagné d’une série étendue de caractéristiques 
phénotypiques, découlant des différentes mutations du gène NOG. Les caractéris-
tiques cliniques de deux nouvelles famille (l’une néerlandaise, l’autre turque) ont fait 
l’objet d’une description: symphalangisme proximal, déficience auditive, dysmorphie 
faciale et hypermétropie en sont les plus frappantes. Dans ces deux familles, une 
tympanotomie exploratoire a montré des malformations ossiculaires semblables et 
des solutions chirurgicales comparables. Après une stapédectomie,  il s’est produit 
qu’une amélioration initiale de l’audition ne persiste pas. Afin d’éviter une re-fermeture 
osseuse de la platine, après un remplacement stapédien, une platinectomie partielle 
s’est avérée être une option de remplacement satisfaisante.
Dans le chapitre 3.3, nous présentons un rapport détaillé sur une déficience 
auditive et sur le résultat de la chirurgie reconstructive dans l’oreille moyenne, 
d’un nouveau deuxième syndrome découlant d’une mutation du gène ANKH. Les 
patients viennent d’une famille multi-consanguine à transmission autosomique 
récessive, attribuée à une mutation du gène ANKH. Cinq tympanotomies exploratoires 
affichent des résultats variables. Différentes déformations anatomiques de 
l’oreille moyenne et interne (ankylose de la platine de l’étrier avec fixation dans 
l’attique, absence de la branche descendante de l’enclume et niche sténotique 
de la fenêtre ronde) suggèrent une origine congénitale de la surdité. La question 
de savoir si la composante neurosensorielle de la déficience auditive est 
progressive, reste encore à établir, raison suffisante de poursuivre les recherches.
En conclusion, nous dirons que, si le sujet des malformations congénitales de 
l’oreille moyenne n’occupe qu’une petite place en otologie, il est, par contre, très 
5
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pertinent. Le renforcement des recherches dans ce domaine et l’apparition, à 
court terme, de nouvelles technologies novatrices pourront améliorer les 
techniques actuelles pour le traitement de la perte auditive chez des patients 
atteints d’anomalies congénitales de l’oreille moyenne. Les rapports cliniques, 
génétiques et otologiques sur trois syndromes, que nous avons joints à cette 
thèse, soulignent l’importance des connaissances sur le sujet, de même que 
celle de l’analyse génotypique sur laquelle repose le phénotype.  
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Naar goed gebruik past het hier enkele personen te danken die een significante 
bijdrage hebben geleverd aan de totstandkoming van dit proefschrift. Ook daar aan 
wil ik gevolg geven en wel te beginnen met mijn promotor.
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Dan zijn er natuurlijk de opleiders van de klinieken waar ik tot nu toe werkzaam 
ben geweest en die me waar nodig hebben gefaciliteerd dit proefschrift tot een 
goed einde te brengen: prof. Marres, dr. Frank van den Hoogen, dr. Joost Engel, 
dr. Eric Theunissen, veel dank! 
Een speciaal woord van dank ben ik  verschuldigd aan prof. Baatenburg de Jong, 
dr. Lilly-Ann van der Velden, dr. Jan Hulshof, dr. Eize Wielinga en dr. Maryvonne 
Sassen die tijdens mijn (senior) co-schappen meedachten en hielpen de eerste 
stappen in de wetenschap te zetten. 
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De mede-assistenten KNO waar ik naast opleidingsgerelateerde zaken ook altijd 
naar wetenschapsweetjes/-handigheidjes kon vragen. Speciaal wil ik twee mensen 
danken die ook significant hebben bijgedragen aan de inhoud van deze thesis:
Maarten, zonder jouw inbreng (met name tijdens de opzet in het begin van de 
opleiding) waren de figuren zeker niet zo mooi geweest. Dank daarvoor. 
Ferdinand, we hebben samen regelmatig, op wat ongebruikelijke tijden, onderzoek 
gedaan in het Radboud. Dat was inspirerend en we hebben elkaar naar grote 
hoogtes gebracht. Het is altijd fijn als je licht ziet branden in een andere kamer op 
de research-gang. Ik weet zeker dat we in de toekomst meer plannen gaan 
verwezenlijken.
Verder natuurlijk dank aan mevrouw Molle die zo geholpen heeft door de Franse 
samenvatting te vervolmaken. 
Almost last but not least wil ik ook mijn paranimfen danken voor hun aanwezigheid 
en betrokkenheid bij de totstandkoming van dit onderzoek:
Bastiaan, jij bent als broer natuurlijk overal bij waar er iets bijzonders gebeurt in 
mijn leven, dus hier zeker ook. Fijn dat je mijn support wilt zijn bij de verdediging. 
Arthur, aan het begin van de co-schappen had jij er al een aantal jaren wetenschap 
opzitten. Bij de eerste milestones in mijn prille wetenschappelijke carrière was jij 
een belangrijk adviseur. Mijn dank! En mooi dat je mij terzijde wilt staan.
Mijn schoonouders, dank voor de nimmer aflatende steun en interesse bij dit hele 
onderzoeksproject.
Dank aan mijn ouders voor de opvoeding die ik heb genoten en waar ik nog altijd 
op voortborduur, ik ben iedere dag dankbaar voor wat jullie me hebben meegegeven.
Als laatste mijn lieve vrouw Anne Fleur zonder wie dit hele project gedoemd was 
te mislukken: lieve schat, nu we dit weer tot een goed einde hebben gebracht heb 
ik veel zin om samen de volgende uitdaging aan te gaan.
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